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FO RE WO RD 
T h i s  r e p o r t  was prepared by the  AiResearch Manufactur ing Company o f  
Los Angeles t o  summarize the  r e s u l t s  o f  two programs sponsored by the  Manned 
Spacecra f t  Center o f  t he  Na t iona l  Aeronaut ics  and Space A d m i n i s t r a t i o n  under 
Cont rac ts  NAS 9-8460 (Task B )  and NAS 9-9981. These two programs were con- 
ducted s imu l taneous ly  and were concerned w i t h  ( I )  the  p r e l i m i n a r y  design f o r  
an In te rmed ia te  Water Recovery System (NAS 9-8460)  and ( 2 )  the  design of  an 
In te rmed ia ry  Water Recovery System (NAS 9-9981) .  The f i r s t  c o n t r a c t  i nvo l ved  
system analyses, which cu lmina ted  i n  the  preparat imn o f  a system s p e c i f i c a t i o n ;  
t he  second was concerned w i t h  the  development o f  a breadboard u n i t  t o  p rov ide  
data f o r  system design. The i n t e r a c t i o n s  between the  programs were such t h a t  
a s i n g l e  r e p o r t  was deemed more i n f o r m a t i v e  and more l o g i c a l  than two separate 
reports,  each cove r ing  t h e  a c t i v i t i e s  of a s i n g l e  c o n t r a c t .  
Cont rac t  NAS 9-8460, Task A, was i n i t i a t e d  i n  September, 1968, and was 
concluded w i t h  t h e  submi t ta l .  o f  t he  Task A f i n a l  r e p o r t  (AiResearch Report 
No. 69-5470)  i n  August, 1969. The o v e r a l l  p e r i o d  o f  performance o f  t h e  two 
c o n t r a c t s  cove r ing  t h e  a c t i v i t i e s  repor ted  here  was from September 1969 t o  
Decembe r I 970. 
I n i t i a l l y ,  M r .  Dean Thompson o f  NASA MSC was t h e  program t e c h n i c a l  
mon i to r ;  M r .  Don Hughes was appointed t o  t h i s  pos t  i n  February 1970. A t  
AiResearch, t h e  program manager was M r .  A. H. Bauer. AiResearch personnel 
who c o n t r i b u t e d  s u b s t a n t i a l l y  t o  these programs inc lude :  0. Morton, 
C. A l b r i g h t ,  K. Ikeda, W. Hendrickson, and J. Rousseau. 
The repo r t  i s  d i v i d e d  i n  two volumes. Volume I con ta ins  t h e  r e s u l t s  o t  
t h e  i n v e s t i g a t i o n s  conducted, Volume 2 con ta ins  t h e  appendices. T h i s  i s  
Volume 1 .  
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SECTION I 
INTRODUCTION AND SUMMARY 
GENERAL 
The In te rmed ia te  Water Recovery System ( I W R S )  comprises a number o f  
f unc t i ons  concerned w i t h  the  c o l l e c t i o n ,  processing, and s torage o f  ur ine,  
wash water  and humid i ty  condensate produced by a 3-man crew on board an Ear th  
o r b i t a l  spacecra f t .  M iss ion  d u r a t i o n  i s  one year w i t h  a 90-day resupply  
per iod.  F igure  1 - 1  i s  a b l o c k  diagram i l l u s t r a t i n g  the  o v e r a l l  arrangement 
o f  t he  system. The two process ing u n i t s  a re  i d e n t i c a l  and a r e  designed t o  
process water  a t  the  same nominal r a t e  o f  I l b /h r .  The product po tab le  water  
can be s to red  w i t h i n  the  I W R S  o r  t r a n s f e r r e d  t o  the  spacecra f t  wa.ter supply.  
I n te rconnec t ing  l i n e s  pe rm i t  water  t r a n s f e r  f rom one u n i t  t o  the  o the r  and 
a l s o  p rov ide  backup c a p a b i l i t y  i n  emergency. A l l  waste products  from the  
process ing u n i t s  a re  s to red  i n  the  form o f  a concentrated b r i n e  f o r  r e t u r n  t o  
e a r t h  a t  t he  90-day resupply  per iod .  
BACKGROUND 
Feasib i  1 i t y  I n v e s t i q a t i o n s  
Design and development o f  t h e  IWRS was i n i t i a t e d  i n  1967. The f i r s t  
phase o f  the  program was conducted under a company sponsored R & D program 
and r e s u l t e d  i n  
( a )  development o f  g u i d e l i n e s  f o r  system design 
( b )  s e l e c t i o n  o f  processes 
( c )  f e a s i b i  1 i t y  demonstrat ion through the  development o f  a p i  l o t  p l a n t  
sys tem. 
The water  recovery process se lec ted  uses low temperature d i s t  i 1 l a t  ion 
w i t h  vapor p y r o l y s i s  a s  t h e  post - t reatment .  Vapor compression prov ides the  
means f o r  ba lanc ing  the  thermal requirements o f  the evaporat ion-condensat ion 
processes. F igure  1-2 i s  a schematic o f  t he  system. 
The system uses a h i g h l y  concentrated b r i n e  s o l u t i o n  as the heat  t r a n s p o r t  
medium. The b r i n e  s o l u t i o n  i s  c i r c u l a t e d  through a heat  exchanger where i t s  
temperature i s  increased. 
r a t i o n  va lue  i n  a f l a s h  va lve .  The vapor thus formed i s  separated from the  
l i q u i d  which i s  re tu rned t o  the  heat  exchanger. As water i s  e x t r a c t e d  from 
t h e  b r i n e  loop, waste water  i s  added t o  ma in ta in  the  l i q u i d  l e v e l  i n  the  sepa- 
r a t o r .  The s o l i d  conten t  of the b r i n e  increases u n t i l  a predetermined concen- 
t r a t i o n  i s  reached; then a p o r t i o n  of  t he  b r i n e  i s  dumped from t h e  l i q u i d  loop. 
The b r i n e  pressure i s  then reduced below i t s  satu-  
The vapor separated from the  b r i n e  i s  compressed, mixed w i t h  a minute 
q u a n t i t y  o f '  oxygen, heated and 
taminants which may be present  
t e r i a  en t ra ined  w i t h  t h e  vapor 
passed through a reac to r ;  thus t r a c e  con- 
i n  t h e  vapor a r e  ox id ized .  Also, any bac- 
a r e  k i l l e d  i n  the  h i g h  temperature reac to r .  
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-7018, Rev. I 
Page 1 - 1  
t- 
i 
t 
>- 
L 
3W 
n 
H 
XI- 
w z  
I - W  
w z  
culo c o  
a 
o m  
a n  
cul 
W 
k 
3 
W 
v) z 
H 
cul 
r 
a 
m 
L 
I 
.- 
I& 
AIRESEARCH MANUFACTURING COMPANY 
Los Angels, California 
70-7018, Rev. I 
Page 1-2 
B R I N E  PUMP 
B R I N E  NONCON D E N S 1  B L E  
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The s t e r i l e  vapor i s  then cooled and condensed. The heat o f  condensat ion 
prov ides t h e  source o f  energy f o r  the evaporat ion.process i n  the  l i q u i d  loop. 
L i q u i d  water  i s  drawn from the  condenser. Noncondensible gases formed i n  the  
phase separator  o r  by the  o x i d a t i o n  r e a c t i o n  a re  dumped overboard. 
Tes t i ng  o f  t he  p i l o t  p l a n t  demonstrated the  c a p a b i l i t y  o f  the  process t o  
produce water  o f  a ve ry  h i g h  q u a l i t y ,  f r e e  of b a c t e r i a .  A l s o  t he  p i l o t  p l a n t  
u n i t  showed t h a t  recovery e f f i c i e n c i e s  h igher  than 95% cou ld  be achieved. 
Ea r 1 Y Deve 1 opmen t 
The second phase o f  t h e  program.was conducted under NASA sponsorship 
(NAS 9-8460, Task A )  and was concerned w i t h  
( a )  Development of  hardware approaches f o r  t he  major system components 
(b )  Upgrading o f  t he  p i l o t  p l a n t  t o  inc lude t h i s  new hardware 
( c )  System l e v e l  t e s t s  ' t o  demonstrate system and component performance. 
This  program was ve ry  successfu l  as an i n i t i a l  s tep  toward the develop- 
ment o f  f l i g h t  equipment. Major achievements inc luded 
( a )  Development o f  a r o t a r y  drum phase separator  i nco rpo ra t i ng  a p i t o t  
pump f o r  l i q u i d  c i r c u l a t i o n  
( b )  Development of a heater-condenser 
( c )  Se lec t i on  o f  a system c o n t r o l  technique based on the  use o f  nuc leon ic  
sensors f o r  l i q u i d  i nven to ry  c o n t r o l .  
I n  a d d i t i o n  major problems were i d e n t i f i e d  which requ i red  f u r t h e r  a t t e n t i o n  
i n  the f o l l o w i n g  phase o f  t he  program. One area o f  concern was t h e  development 
o f  a ve ry  low s p e c i f i c  speed vapor compressor which cou ld  be developed i n t o  a 
long l i f e  u n i t .  Another problem invo lved system thermal balance which i nd i ca ted  
the  need f o r  d e t a i l e d  system/component analyses. 
SCOPE OF CURRENT PROGRAMS 
The t h i r d  phase of  t h e  program, which i s  t he  sub jec t  of  t h i s  repor t ,  was 
a l s o  sponsored by NASA and c o n s t i t u t e d  a c o n t i n u a t i o n  and an expansion o f  
p rev ious  a c t i v i t i e s .  These two programs were concerned p r i m a r i l y  w i t h  
( a )  The p r e l i m i n a r y  des ign o f  t h e  complete I W R S  as de f ined i n  F igure  1 - 1  
(NAS 9-8460, Task B )  
( b )  The c o n t i n u a t i o n  o f  component/system development i n  suppor t  of 
t h e  p r e l i m i n a r y  des ign e f f o r t .  
under Contract  NAS 9-9981. 
This  developmental work was conducted 
The e f f o r t s  under these two c o n t r a c t s  were ve ry  much i n t e r r e l a t e d ,  so 
t h a t  bo th  c o n t r a c t s  were conducted a s  a s i n g l e  program. The scope o f  t he  work 
can bes t  be r e a l i z e d  through a review of the  major program achievements. The 
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major p o r t i o n  o f  t h e  e f f o r t  was concerned w i t h  t h e  water p rocess ing  p o r t i o n  
o f  t h e  IWRS; t h e  c o l l e c t i o n  and s to rage  subsystems were o n l y  sub jec ted  t o  the  
a n a l y s i s  necessary f o r  t h e  development o f  t h e  s p e c i f i c a t i o n s .  
PROGRAM ACHIEVEMENTS 
Desiqn and Ana lys is  
Under t h e  p r e l i m i n a r y  design a c t i v i t i e s  ex tens i ve  analyses were conducted 
a t  t h e  system and a t  t h e  component l e v e l .  Much o f  t h i s  e f f o r t  was expended i n  
the  d e t a i l e d  a n a l y s i s  o f  t e s t  data. As a r e s u l t  a n a l y t i c a l  t o o l s  were developed 
which pe rm i t  accura te  system performance p r e d i c t i o n  through a complete under- 
s tand ing  o f  t he  complex r e l a t i o n s h i p s  between the  parameters r e l a t i n g  t h e  v a r i -  
ous system components. Under t h i s  program p r e l i m i n a r y  r e l i a b i l i t y  analyses 
were conducted i n  support  o f  t he  development o f  t he  f l i g h t  system schematic. 
An e l e c t r i c a l  schematic was evolved and package drawings were prepared. I n  
a d d i t i o n  m i c r o b i o l o g i c a l  s tud ies  were aimed a t  t h e  s e l e c t i o n  o f  approaches f o r  
the  c o n t r o l  o f  b a c t e r i a  throughout t h e  IWRS.  Major accomplishments i d e n t i f i e d  
as the  d i r e c t  r e s u l t  o f  t h e  p r e l i m i n a r y  design e f f o r t s  a r e  l i s t e d  below. 
( a )  , Development o f  a performance p r e d i c t i o n  computer program--This 
program was demonstrated accu ra te  by comparison w i t h  system t e s t  
da ta  
( b )  Opt im iza t i on  o f  t h e  system o p e r a t i n g  parameters u s i n g  t h e  computer 
program--Considerable i n s i g h t  was gained i n  t h e  complex i n t e r a c t i o n s  
between the  components 
( c )  Development o f  a f l i g h t  system schematic and p r e l i m i n a r y  system 
s p e c i f i c a t i o n  
( d )  
(e) 
P repara t i on  o f  component performance s p e c i f i c a t i o n s  
Development o f  p r e l  im inary  package drawings 
(f) Prepara t i on  of  sketches and drawings adequate f o r  t he  f a b r i c a t i o n  o f  
major components. 
Component Development 
Development t e s t i n g  under Cont rac t  NA9-9981 was ma in l y  concerned w i t h  
system l e v e l  t e s t i n g .  The o n l y  components t e s t e d  separa te l y  were 
( a )  Compressor--A two stage v o r t e x  compressor was designed and t e s t e d  
s u c c e s s f u l l y  b e f o r e  i n s t a l l a t i o n  i n  t h e  breadboard system. 
Phase separator--The r o t a r y  drum u n i t  designed and f a b r i c a t e d  i n  the  
prev ious  phase o f  t he  program was sub jec ted  t o  development t e s t i n g .  
L i q u i d  en t ra inment  was reduced from 0.2 t o  0.015 we igh t  percent  by 
i n c o r p o r a t i o n  o f  a b a f f l e  upstream o f  t h e  demistor.  
( b )  
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(c) C a t a l y t i c  reactor--A c a t a l y s t  sc reen ing  program was conducted as a 
r e s u l t  o f  which rhodium p l a t e d  on s t a i n l e s s  s t e e l  screens was se lec ted  
f o r  t he  design o f  a breadboard r e a c t o r  bed. 
F l u i d  I n v e n t o r y  Control--The scheme f o r  f l u i d  i nven to ry  c o n t r o l  i n  
t h e  b r i n e  loop was changed. P rev ious l y  separa tor  l e v e l  was main ta ined 
cons tan t  and b r i n e  concen t ra t i on  o s c i l l a t e d  between 48 and 52 percent.  
I n  o rde r  t o  reduce power requirement and y e t  ma in ta in  h i g h  recovery 
e f f e c t i v e n e s s  a semi-batch process was devised whereby the  l e v e l  i n  
t h e  separa tor  i s  ma in ta ined cons tan t  by u r i n e  a d d i t i o n  when t h e  b r i n e  
c o n c e n t r a t i o n  i s  between 17 and 25 percent.  When t h i s  concen t ra t i on  
i s  reached, u r i n e  feed t o  t h e  l i q u i d  loop i s  i n t e r r u p t e d  and t h e  d i s -  
t i l l a t i o n  process cont inues  u n t i l  t he  b r i n e  concen t ra t i on  reaches 
50  percent.  A t  t h a t  p o i n t  a p o r t i o n  o f  t h e  b r i n e  i s  dumped. Then 
t h e  separa tor  i s  r e f i l l e d  t o  c a p a c i t y  and o p e r a t i o n  s t a r t s  again. 
Th is  c o n t r o l  scheme requ i res  t h a t  t h e  l e v e l  and concen t ra t i on  con- 
t r o l l e r  be i n t e g r a t e d  through e l e c t r o n i c  c i r c u i t r y  which programs 
t h e  c y c l e .  This c o n t r o l  was designed and t e s t e d  i n  t h i s  phase o f  
t h e  program. 
The system t e s t s  p rov ided much data which were used i n  e v a l u a t i n g  t h e  perform- 
ance of major recovery system components. 
condenser and o f  t he  semi-batch c o n t r o l  were demonstrated s a t i s f a c t o r i l y  d u r i n g  
the  system t e s t  program. 
The performance o f  the  heater -  
System Development 
System l e v e l  t e s t i n g  was conducted i n  two steps. The upgraded p i l o t  p l a n t  
used i n  the  previous program was m o d i f i e d  t o  i n c l u d e  more comprehensive i n s t r u -  
menta t ion  and t o  i nco rpo ra te  new components, namely a diaphragm compressor and 
a p l e x i g l a s s  phase separa tor .  Tes t i ng  o f  t h i s  u n i t  revealed t h a t  major t e s t  
se tup  m o d i f i c a t i o n s  were necessary t o  reduce thermal losses and l i n e  pressure 
drops. Fur ther ,  t h e  t e s t  system r e q u i r e d  major  rework f o r  i n s t a l l a t i o n  o f  new 
components: c a t a l y t i c  r e a c t o r  and v o r t e x  compressor. The d e c i s i o n  was made 
t o  r e b u i l d  t h e  t e s t  system. Tes t i ng  o f  t h e  upgraded breadboard c o n s t i t u t e d  
the  major developmental e f f o r t  under Cont rac t  NAS 9-9981. 
The upgraded breadboard was sub jec ted  t o  185 hours o f  t e s t i n g  and cu lmin-  
a ted  i n  t h e  success fu l  comple t ion  o f  a cont inuous f i ve -day  t e s t  d u r i n g  wh ich  
water was recovered from u r ine .  These t e s t s  demonstrated (I)  the  c a p a b i l i t y  
o f  t he  system t o  produce water o f  very  h i g h  p u r i t y  and f r e e  o f  b a c t e r i a  (water 
p u r i t y  under normal o p e r a t i o n  exceeded t h e  requ i  rements o f  t h e  s p e c i f i c a t i o n ) ,  
( 2 )  t he  soundness o f  t he  bas i c  hardware approaches, and (3) t h e  adequacy o f  
t h e  o v e r a l l  system arrangement. 
The system l e v e l  t e s t s  were very va luab le  i n  p r o v i d i n g  a c l e a r  under- 
s tand ing  o f  t h e  system o p e r a t i o n a l  p e c u l i a r i t i e s  and i n  i d e n t i f y i n g  f u r t h e r  
component des ign  requirements. 
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RESULTS 
System Character is t ics  
Reference is  made t o  Section 2 f o r  a d e t a i l e d  descr ipt ion of t h e  f l i g h t  
system; a schematic diagram is presented as Figure 1-3. Overall character-  
i s t i c s  of t h e  f l i g h t  IWRS including two water processing units (see Figure 
1 - 1 )  a r e  l i s t e d  below. 
Water production r a t e :  2.50 lb/hr ( p e r  sh ipse t )  
M i n i m u m  recovery e f f ic iency:  95 percent 
Sys tem wei g h t :  258 l b  (per sh ipse t )  
Expendable w e i g h t :  14.6 lb/90 days 
Power requi rement (Total): 440 watts per shipset  continuous; 
60 watts intermit tent  
Heat 1 ea ks : 1320 Btu/hr (per sh ipse t )  
Number of components : 216 (per sh ipse t )  
Number of component designs: 63 (per sh ipse t )  
Figure 1-4 shows the thermodynamic performance of the system a t  design point.  
Component Desiqns 
Major components a r e  reviewed below i n  terms of the program f indings.  
I .  Compressor 
The compressor performed s a t i s f a c t o r i l y  although improvements a r e  i n d i -  
cated t o  improve flow - AP c h a r a c t e r i s t i c s  and power consumption. Motor 
problems encountered during system t e s t s  a r e  not a compressor problem per se  
s ince the motor used was an ex i s t ing  u n i t  operated well above i t s  design 
opera t i ng requ i rement s. 
2 .  Phase Separator 
Major problems encountered during the t e s t  program can be traced t o  the 
phase separator .  I n  i t s  present configuration the phase separator incorpor- 
a t e s  a face seal between the vapor loop and ambient. Deterioration of t h i s  
seal  d u r i n g  the breadboard t e s t s  resulted i n  h i g h  a i r  leakage in to  the brine 
loop. I n  t u r n ,  the a i r  leakage deter iorated compressor performance and re- 
sul ted i n  a four-fold reduction i n  heater-condenser heat t ransfer  capacity.  
The overall  r e su l t  was h i g h  spec i f i c  power requirement and a drop i n  water 
production r a t e .  T h e  separator face seal is incorporated t o  permit d i r ec t  
dr ive of' the  ro ta t ing  bowl b y  the motor; a f l i g h t  separator  would b e  
s t a t i c a l l y  sealed and  bowl rotat ion would be e f fec ted  through a magnetic 
coup1 i n g .  
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3. Heater-Condenser 
Ana lys is  shows t h a t  t h i s  u n i t  i s  adequate t o  handle t h e  design water pro- 
d u c t i o n  r a t e  o f  t h e  IWRS.  The c o n f i g u r a t i o n  o f  t he  u n i t  should be m o d i f i e d  t o  
reduce heat losses. 
4 .  C a t a l y t i c  Reactor 
The rhodium c a t a l y s t  proved very  e f f i c i e n t  i n  o x i d i z i n g  t r a c e  contaminants 
produced d u r i n g  u r i n e  d i s t i l l a t i o n .  Evidence o f  c o r r o s i o n  o f  t he  s u b s t r a t e  
used (s ta in less  s t e e l  screens), i n  the  cond i t i ons  o f  o p e r a t i o n  o f  t he  bread- 
board system was observed. A new s u b s t r a t e  appears necessary t o  safeguard . 
aga ins t  t h i s  problem which would most probably no t  e x i s t  on a f l i g h t  u n i t .  
5. Level and Concent ra t ion  C o n t r o l l e r  
The l e v e l  c o n t r o l l e r  performed extremely w e l l  throughout t h e  t e s t  program. 
The c i r c u i t r y  developed t o  p rov ide  semi-batch o p e r a t i o n  was demonstrated. The 
d e n s i t y  sensor was found t o  be l i m i t i n g  p r i m a r i l y  because o f  t h e  e f f e c t  o f  
separa tor  b r i n e  l e v e l  on b r i n e  d e n s i t y  sensing. This problem can be overcome 
by redesign o f  t he  separa tor  bowl and c a r e f u l  d e t a i l  design o f  the  sensor. 
System Cons idera t ions  
Long-term t e s t i n g  w i t h  u r i n e  p e r m i t t e d  i d e n t i f i c a t i o n  o f  system p e c u l i a r i -  
t i e s  which a r e  discussed below. 
The p y r o l y s i s  reac to r  was very  e f f e c t i v e  i n  m a i n t a i n i n g  s t e r i l i t y  
o f  the  reclaimed water.  
B r i n e  entrainment i n t o  the  vapor loop was experienced d u r i n g  t h e  t e s t  
program due t o  r a p i d  dep ressu r i za t i on  o f  t h e  vapor c a v i t y  w i t h i n  t h e  
separa tor .  This r e s u l t e d  i n  ove r load ing  o f  t he  c a t a l y t i c  r e a c t o r  
and i n  t h e  presence o f  odors i n  the  product water. The problem can 
e a s i l y  be reso lved by a d d i t i o n  o f  equipment t o  prevent sudden depres- 
s u r i z a t i o n  o f  t h e  l i q u i d  loop and a l s o  b r i n e  entrainment i n  t h e  event 
o f  equipment ma l func t i on .  
System thermal balance was i d e n t i f i e d  as a major system design 
problem d u r i n g  the  p i l o t  p l a n t  run and a l s o  d u r i n g  t e s t i n g  o f  t he  
upgraded breadboard. Overa l l  imbalance a t  the  condenser r e s u l t e d  
i n  water vapor v e n t i n g  t o  vacuum. Th is  i s  p a r t l y  due t o  heater -  
condenser performance 1 i m i t a t i o n s  r e s u l t i n g  from phase separa tor  
a i r  leakage. Care fu l  thermal analyses were conducted o f  the  f l i g h t  
system equipment and package. The r e s u l t  o f  these analyses were 
i nco rpo ra ted  i n  the  system computer model developed. 
Water p u r i t y  m o n i t o r i n g  was performed by sampling and ex tens i ve  
t e s t i n g  t o  determine s t e r i l i t y  and chemical composit ion. More 
work remains i n  t h i s  area t o  i d e n t i f y  a l l  the  parameters which 
need m o n i t o r i n g  and t o  s e l e c t  o n - l i n e  i ns t rumen ta t i on  which c o u l d  
be eva lua ted  e x p e r i m e n t a l l y  as a secondary o b j e c t i v e  of a complete 
long-term breadboard t e s t .  
ARESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Rev. I 
Page 1-10 
(e) System sterilization and flushing did not present a problem 
during system test because of the availability of large quantities 
of water and steam at the temperature desired. However, the 
techniques used do not appear sui table for spacecraft application. 
Further investigations are necessary in this area. 
RECOMMENDATIONS 
As a result of the analyses and tests conducted, a number of problems 
have been identified at the component and system levels. The following 
recommendations are designed to eliminate these problems and improve the 
efficiency of the water recovery system. In general, these recommendations 
represent a continuation of the current program and involve analyses and 
testing at the component and system level. The component level design 
activities and test programs are aimed at the development of better quality 
hardware so that system level testing could be conducted for long duration 
with confidence. 
Listed below are AiReseaach recommendations pertaining to component 
improvements. 
Compressor--Design and developmental efforts are required for 
( I )  performance improvement through redesign of the impeller 
buckets for higher aerodynamic and volumetric efficiencies and 
( 2 )  performance assessment of a flight weight unit with a motor 
specifically designed to drive the compressor impeller. 
Phase Separator--Redesign of the unit and testing on the existing 
rig for(l) reduction of entrainment by a factor of IO, ( 2 )  elimin- 
ation of the rotating seal by use of a magnetic coupling, and (3) 
accommodation of the nucleonic density sensor. 
Heater-Condenser--Redesign the unit to flight configuration to 
reduce heat losses. No component level tests appear necessary; 
the unit should be tested in the system. 
Catalytic Reactor--Investigate alternate substrates suitable for 
rhodium plating and generate performance data on the rhodium 
catalyst for design optimization. Design and fabricate a flight 
unit recuperator-reactor for incorporation in the breadboard unit. 
Level and Concentration Control--Refine design and packaging of the 
electronic circuitry. Calibrate the density sensor as part of the 
separator test program. 
Much work remains at the system level. Here activities involve contin- 
uation of the work performed to upgrade the system configuration and speci- 
fication. Also, operational procedures should be refined, including main- 
tenance actions. Major areas of investigations recommended for system level 
activities are listed below: 
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(a) Long term continuous testing of the system with a new generation 
of components to ascertain performance stability and equipment 
life. A 180-day test with flight prototype hardware is recommended 
to fully establish the capability of the system. 
(b) Updating of the performance prediction computer program as a result 
of system and component development. 
(c) Maintainability investigations resulting in the definition o f  
maintenance level and in the development of maintenance procedures. 
(d) Re1 iabil ity analyses including component level FMEA's. 
(e) Human factors testing to evaluate operational characteristics of 
the unit. This would involve the performance of typical mainten- 
ance tasks. 
(f) Development testing. of on-1 ine purity monitoring equipment (chemi- 
cal and bacteriological). This could be performed concurrently 
with the 180-day system test. 
(9) Development of steri 1 ization and flushing techniques. 
(h) System and component specification updating 
To date system tests have been conducted with good quality engineering 
development hardware. 
design approaches have been demonstrated adequately. At this time, it is 
recommended that better quality hardware be developed to fully realize the 
advantages of the flash evaporation - vapor compression - vapor pyrolysis 
process. 
The basic process for water recovery and the component 
REPORT ORGANIZATION 
The remainder of this report gives the details of the analyses and test- 
ing performed. Section 2 gives the system specification including a detailed 
description of the system and its overall characteristics. Component design 
and development activities are summarized in Section 3. Section 4 is con- 
cerned with efforts at the system level. 
Two appendices are included: 
preliminary design specifications for the entire IWRS, (2) Appendix B docu- 
ments the computer program developed as part of NAS 9-8460. 
( I )  Appendix A presents the component 
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SECTION 2 
SYSTEM DESCRIPTION 
INTRODUCTION 
Thissection contains a description of the system evolved as a result of 
the preliminary design studies and supporting development activities conducted 
under Contracts NAS 9-8640 and NAS 9-9981. 
system levels were aimed at the definition of the system described here. As 
such, the description and the performance data presented constitute the prel im- 
inary specification for the IWRS. Preliminary component specifications includ- 
ing description, performance, and design data are given in Appendix A. 
All analyses at the component and 
REQUIREMENTS AND GUIDELINES 
The Intermediate Water Recovery System (IWRS) provides for collection, 
storage, and processing of the urine and wash water produced by three men in 
earth orbit. Design mission duration is one year with a 90-day resupply inter- 
val. Functional, performance, and interface requirements are summarized in 
Table 2-1. Basically, the water recovery system described in this section 
performs five separate functions: 
(a) Urine collection and storage 
(b) Water reclamation from urine 
(c) Wash water storage 
(d) Wash water reclamation 
(e) Potable water storage 
OVERALL SYSTEM ARRANGEMENT 
The schematic in Figure 2-1 illustrates the overall arrangement of the 
flight system and identifies major interfaces. The system comprises two 
identical water reclamation units. Normally, the two units operate indepen- 
dently; one is used for urine and urinal rinse processing, the other is used 
for recovery of the wash water. Interconnecting lines provide backup capa- 
bilities in the event ofmalfunction in one of the systems. In normal opera- 
tion,.these lines also are used to maintain overall vehicle water balance. 
Humidity condensate, pretreated to make it potable, is fed to the system 
where it is sterilized and integrated with the potable water supply. 
Sterile conditions are maintained throughout by incorporation of steril i -  
zation equipment at the water collection points and at the outlets of the 
reclamation units. Residue from the reclamation units is stored for periodic 
disposal at the scheduled 90-day resupply time. 
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TABLE 2-1 
I W R S  DESIGN REQUIREMENTS 
YNCTIONAL REQUIREMENTS 
* 
* B i o l o g i c a l  i n a c t i v a t i o n  o f  a l l  f l u i d s  and equipment 
* Processing o f  u r i n e  and wash water i n  separate bu t  i den t t ca l  u n i t s  
Separate co l l ec t i on ,  t ranspor t  and storage o f  u r i n e  and wash water 
Storage o f  s t e r i l e  po tab le  water i n  water recovery system tanks w i t h  p rov i s ion  for t r a n s f e r  
t o  spacecraf t  water management system 
Scheduled maintenance and se rv i c ing  performed a t  the  90-day resupply per iod  
Continuous mon i to r ing  o f  recovered water phys ica l  and chemical cha rac te r i s t i cs  
* Automatic opera t ion  w i t h  adequate instrumentat ion f o r  mon i to r ing  by the  crew - ins t rumenta t ion  
readouts provided on the  subsystem packages; p rov is ions  f o r  remote d i s p l a y  incorporated 
: NTE RFACE REQUIREMENTS 
0 Minimum in te r faces  w i t h  spacecraf t  and o t h e r  subsystems 
* 
Overboard vacuum vent  ava i l ab le  
Power penal ty:  (a) 28 vdc: 669 lb/kw 
Independence from thermal con t ro l  loop(s) 
No contaminat ion o f  spacecraf t  atmosphere 
Power a v a i l a b i l i t y :  28 v dc and 115 v ac - 400 cps - 3@ 
(b) 115 vac: 982 Ib/kw 
Penal ty f o r  heat r e j e c t i o n  t o  cab in  a i r :  0.0885 ib/Btu/hr 
Spacecraf t  cab in  
(a) To ta l  pressure: 5 - 7 ps ia  normal 
0 - 3.5 ps ia  emergency 
(b) O2 p a r t i a l  pressure: 3.5 ps ia  
(c)  N2 d i l u e n t  
(d) Temperature: 70 i5'F se lec tab le  
'ERFORWNCE REQUIREMENTS 
Crew size:  3 men 
* Mission durat ion:  I year 
Resupply i n te rva l :  90 days 
* Processing rate:  16.35 lb/day u r ine  and r i nse  water 
and 16.35 lb/day wash water nominal 
rate:  I Ib /h r  
* Water balance data: 
Dr inking, food prepara t ion  water: 18.39 Ib/day 
Water o f  ox ida t ion :  1.98 Ib/day 
* Ur ine  water: 10.35 Ib/day 
U r i n a l  r inse  water: 6.00 lb/day 
* Fecal water: 0.75 Ib/day 
Wash water: 16.35 Ib/day 
Persp i ra t i on  and resp i ra t i on :  9.27 lb/day 
e Reclaimed water p u r i t y  i n  accordance w i t h  MSC-SPEC-C35 (January 15, 1968) 
Storage o f  residues from the  processing u n i t s  f o r  pe r iod i c  removal a t  the 90-day resupply per iod  
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The c a p a c i t y  o f  the system waste water  s to rage tanks i s  s u f f i c i e n t  t o  
h o l d  the  waste water p r o d u c t i o n  o f  2 days. 
c o n t a i n  a I -day charge o f  waste water;  i n  t h i s  manner f a i l u r e  o f  equipment on 
one s i d e  o f  the  tank  w i l l  n o t  r e q u i r e  shutdown o f  the equipment on the  o t h e r  
s ide  f o r  a p e r i o d  o f  one day. For example, a m a l f u n c t i o n  o f  the u r i n e  c o l l e c -  
t i o n  u n i t  w i l l  n o t  n e c e s s i t a t e  shutdown o f  the  u r i n e  process ing  u n i t ;  s i m i l a r l y ,  
f a i l u r e  o f  t h e  u r i n e  process ing  u n i t  w i l l  no t  hamper u r i n e  c o l l e c t i o n  f o r  t h e  
same per iod .  
Normal ly the  waste tanks w i l l  
T h i s  arrangement p rov ides  ample t ime  fo r  maintenance ac t i on .  
The reclaimed water  tanks a r e  s i zed  t o  h o l d  the  water  produced i n  one 
day. Two tanks a re  used w i t h  each rec lamat ion  u n i t .  Operat ion i s  as f o l l o w s :  
When a reclaimed water  tank  i s  f i l l e d ,  i t  i s  i s o l a t e d  from the  system and a 
sample i s  taken from t h a t  tank  f o r  b a c t e r i o l o g i c a l  ana lys i s .  I t  i s  es t imated  
t h a t  about 18 hours w i l l  be requ i red  t o  complete t h i s  ana lys i s .  I f  the  water  
i s  found t o  be po tab le  i t  i s  t r a n s f e r r e d  t o  the  spacec ra f t  water supp ly  sys- 
tem; i f  not, t he  water  w i  1 1  be recyc led  and the tank  w i  1 1  be s t e r i l  ized. 
Whi le one reclaimed water  tank  i s  on hold, the second i s  be ing  f i l l e d  w i t h  the  
e f f l u e n t  o f  t he  water p rocess ing  u n i t .  
Since the  system tanks a r e  s i z e d  on opera t i ona l  cons ide ra t i ons  based on 
d a i l y  water rates, t he  wash water and u r i n e  loop tanks a r e  i d e n t  
requirements f o r  the  u r i n e  res idue s to rage a re  one o r d e r  o f  magn 
than f o r  the  wash water  residue; however bo th  res idue tanks a re  
keeping w i t h  the  redundant na tu re  o f  the wash water loop. 
Humidi ty condensate, p r e t r e a t e d  t o  make i t  chemica l l y  potab 
the system, s t e r i l i z e d ,  and s t o r e d  toge the r  w i t h  the  water r e c l a  
c a l .  The 
tude l a r g e r  
d e n t i c a l  i n  
e, i s  f e d  t o  
med from 
u r ine .  A s i l v e r  i on  genera tor  i s  used f o r  t h i s  s t e r i l i z a t i o n .  The d e t a i l e d  
system d e s c r i p t i o n  presented below i s  concerned o n l y  w i t h  the u r i n e  recovery 
p o r t i o n  o f  t he  I W R S .  The equipment requ i red  f o r  waste water recovery i s  
i d e n t i c a l  t o  t h a t  described, w i t h  the except ion  o f  t he  u r i n e  c o l l e c t i o n  u n i t .  
SYSTEM DE SC R I  PTI ON 
F igure  2-2, presented a t  the  end o f  t h i s  s e c t i o n  f o r  ease o f  reference, 
i s  a schematic o f  t h e  u r i n e  recovery p o r t i o n  o f  the  I W R S .  
d i v i d e d  i n  f o u r  separate p o r t i o n s  i d e n t i f i e d  as f o l l o w s :  
The subsystem i s  
100--Urine c o l l e c t i o n  and t r a n s f e r  
200--Urine s to rage and process ing  
300--Reclaimed water  c o l l e c t i o n  and t r a n s f e r  
400- - Ins t rumenta t ion  
A l l  components a re  i d e n t i f i e d  by a t h r e e - d i g i t  number; the  f i r s t  d i g i t  o f  t h i s  
number r e f e r s  t o  a subsystem as de f i ned  above. A l e t t e r  f o l l o w i n g  t h e  component 
number i d e n t i f i e s  an i t em which i s  used i n  more than one subsystem. 
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The d e s c r i p t i o n  below i s  concerned o n l y  w i t h  system-level  cons ide ra t i ons .  
D e t a i l s  on components can be found i n  the  component s p e c i f i c a t i o n s  presented 
i n  Appendix A. 
U r ine  C o l l e c t i o n  and Transfer--100 
Ur ine  i s  c o l l e c t e d  i n  an open funne l  type u r i n a l  (101) and p r o p e l l e d  
pneumat i ca l l y  t o  a phase separa tor  (102) by cab in  a i r .  
the system a t  the pe r iphe ry  o f  the con ica l  u r i n a l  by a c e n t r i f u g a l  blower (103) 
l oca ted  downstream o f  t he  phase separa tor .  The a i r  i s  re tu rned t o  the  cab in  
through an odor f i l t e r  (105). 
a c t i v a t e d  charcoal  ( 1 0 4 )  impregnated w i t h  phosphor ic ac id .  The charcoal  bed 
i s  designed f o r  replacement a t  90-day i n t e r v a l s .  
The a i r  i s  drawn i n t o  
The f i l t e r  con ta ins  an expendable charge o f  
The phase separa to r  i s  a r o t a t i n g  drum dev ice  w i t h  a s t a t i o n a r y  p i t o t  
tube which serves as a l i q u i d  pump. A i r  e x i t s  the separa tor  a t  t he  cen te r  o f  
t he  u n i t  and l i q u i d  i s  pumped t o  the u r i n e  s to rage tank  (201) through a so le -  
no id  s h u t o f f  v a l v e  (107) and a check v a l v e  (106) which prevents reverse  f l o w  
o f  u r i n e  when the  separa tor  i s  i n a c t i v e .  
tank  o u t l e t  can be used t o  f l u s h  the  e n t i r e  u r i n e  c o l l e c t i o n  subsystem i f  
necessary. 
The d isconnect  ( I  13) a t  p re t rea tment  
Fo l l ow ing  m ic tu ra t i on ,  a metered m i x t u r e  of f r e s h  water and pre t rea tment  
f l u i d  i s  in t roduced i n t o  the  u r i n a l  and f l ushed  through t h e  phase separa tor  t o  
t h e  u r i n e  c o l l e c t i o n  tank  i n  the  same manner as t h e  u r i n e .  Th is  m i x t u r e  w i l l  
p revent  decomposi t ion o f  u r i n e  i n  s to rage and a l s o  w i l l  check b a c t e r i a  growth 
i n  the  tank. The r i n s e  water  and pre t rea tment  f l u i d  f lows a r e  a u t o m a t i c a l l y  
c o n t r o l l e d  b y  o r i f i c e s  (108 and 109) downstream of so leno id  s h u t o f f  va lves  (107) 
which a r e  opened f o r  a predetermined t ime  p e r i o d  upon a s i g n a l  from t h e  u r i n a l  
c o n t r o l l e r  ( I  IO). 
The r i n s e  water  i s  drawn from t h e  reclaimed water  tank  (308). The 
pre t rea tment  f l u i d  i s  s to red  i n  an expendable tank  ( I l l )  which i s  replaced a t  
t he  90-day resupp ly  per iod .  The pre t rea tment  tank  i s  pneumat ica l l y  p ressur ized  
w i t h  n i t r o g e n  from t h e  reclaimed water  s to rage u n i t .  
qu i ck  disconnects ( I  13) pe rm i t  easy replacement o f  t h e  tank. 
ma in ta ined through the  u n i t  t o  d r y  the u r i n a l  and the phase separa tor .  
Shu to f f  va lves  (112) and 
A f t e r  the r i n s e  m i x t u r e  i s  pumped o u t  o f  the separator, the a i r  f l o w  i s  
The r inse, dry, and shutdown c y c l e  i s  c o n t r o l l e d  a u t o m a t i c a l l y  by the  
u r i n a l  c o n t r o l l e r  (110). The sequence o f  ope ra t i on  is  as f o l l o w s :  P r i o r  t o  
m i c t u r a t i o n  a s e l e c t o r  sw i t ch  on the  c o n t r o l l e r  i s  used t o  s i g n a l  the  c o n t r o l -  
l e r  t o  a c t i v a t e  the  phase separa tor  and the blower. 
the separa tor .  A f t e r  m i c t u r a t i o n  the s e l e c t o r  sw i t ch  i s  p o s i t i o n e d  t o  
i n i t i a t e  automat ic o p e r a t i o n  o f  the c o n t r o l l e r :  
A l l  u r i n e  i s  s t o r e d  i n  
(a )  The so leno id  v a l v e  (107) downstream o f  the  phase separa tor  i s  
opened and remains opened u n t i l  the pressure a t  o u t l e t  o f  the 
separator-pump drops t o  0.5 ps ig .  
i s  p rov ided  f o r  t h i s  purpose. The so leno id  va l ve  (107) i s  then 
c 1 osed. 
A p ressure  t ransducer ( I  14)  
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(b) The rinse water and pretreatment fluid are then metered into the 
urinal by the solenoid valves (107) upstream of the orif ices 
(IO8 and 109) opening-for a predetermined period of time. 
(c) The phase separator is drained by opening the solenoid valve 
(107) again until the liquid outlet pressure drops to 0.5 psig. 
This valve is then closed again. 
(d) Air flow is maintained until the separator is dried. 
(e) The blower and separator are shut down-and the selector switch 
returned to the "off" position automatically. 
A bacteria filter ( I  15) in the rinse water 1 ine prevents bacteria migration 
from the urine collection package to the reclaimed water portion of the sys- 
tem. Ammeters ( 4 0 9 )  monitor motor current to alert the crew in the event of 
impending malfunction. 
A quick-disconnect (233) at the interface with the urine storage tank 
permits disconnecting of the urine collection effluent and routing to the wash 
water reclamation unit in emergency. 
Urine Storaqe and Processinq--200 
This package is subdivided into three separate functional groups: 
(a) Urine storage 
(b) Water reclamat 
(c) Process contro 
The fol lowing paragraphs 
1 .  Urine Storaqe 
on 
describe these functional groups. 
Urine and rinse water is pumped to the waste storage tank (201) from the 
phase separator (102). The waste storage tank incorporates a bladder which 
is pressurized by nitrogen at a nominal pressure of 4 psia. 
regulator-relief valve (202) is used for this purpose.' 
at 4.0 10.5 psia and the relief valve at 7 20.5 psis‘ The tank is sized to 
hold a two-day production of urine. In normal operation the tank will be 
maintained at 4.0 psia and will contain about 16 Ib or urine and rinse water. 
The relief valve setting is such that more than 2000 cc of liquid could be 
pumped into the tank from the urine collection loop without reaching the 
relief pressure. Such a volume of liquid corresponds to four maximum volume 
micturation and rinses. In normal operation the relief valve will remain 
closed and nitrogen relief to vacuum will be avoided. 
A pressure 
The regulator is set 
Shutoff valves (203) are provided to permit tank and regulator-re1 ief 
isolation. These valves will only be used in the event of malfunction. 
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2. Water Reclamation 
The b a s i c  water  rec lamat ion  process i s  vacuum d i s t i l l a t i o n  f o l l o w e d  by 
vapor p y r o l y s i s  as a secondary c leanup process. Vapor compression i s  employed 
t o  balance the  thermal requirement o f  the  vaporization-condensation processes. 
The system c o n s i s t s  o f  two loops: ( I )  a concentrated waste water ( o r  
b r i n e )  loop and ( 2 )  a vapor loop. The b r i n e  l.oop, where the  d i s t i l l a t i o n  
process takes place, c o n s i s t s  o f  th ree  major components: a heater-condenser 
(206), a f l a s h  va lve  (207), and a phase separator  (208). The b r i n e  f rom the 
phase separator  i s  c i r c u l a t e d  i n  a s i n g l e  tube heater-condenser where i t  i s  
heated. Water vapor condensing on the o t h e r  s i d e  o f  the tube prov ides  the 
thermal energy f o r  b r i n e  heat ing.  The warm b r i n e  (about  I15OF) i s  then expanded 
across the f l a s h  va lve  t o  a pressure ( I .  I ps ia )  below i t s  s a t u r a t i o n  pressure.  
As a r e s u l t ,  a p o r t i o n  o f  the l i q u i d  b r i n e  i s  vapor ized and the b u l k  o f  the 
l i q u i d  i s  cooled. In the process, the s a l t  c o n c e n t r a t i o n  o f  the b r i n e  i s  
increased. The m i x t u r e  o f  l i q u i d  b r i n e  and water vapor en ters  the  phase 
separator, where a r o t a t i n g  drum w i t h i n  t h e  separator  prov ides t h e  c e n t r i f u g a l  
a c t i o n  necessary t o  e f f e c t  phase separat ion.  
u n i t  a long the  a x i s  o f  r o t a t i o n  of  the drum w h i l e  the l i q u i d  i s  c o l l e c t e d  a t  
i t s  per iphery .  A s t a t i o n a r y  p i t o t  tube near the sur face  o f  the drum c o l l e c t s  
the l i q u i d  and conver ts  the k i n e t i c  energy o f  the l i q u i d  i n t o  a pressure head 
s u f f i c i e n t  t o  overcome the pressure drop o f  the l i q u i d  loop (about  9 p s i ) .  
From the separator,  the b r i n e  i s  re tu rned t o  the heater-condenser. L i q u i d  
loop c o n t r o l  w i l l  be descr ibed l a t e r .  
Vapor i s  wi thdrawn f rom t h i s  
The phase separator  r o t a t i n g  drum i s  d r i v e n  by a brushless dc motor 
through a magnet ic coupl ing.  I n  t h i s  manner, the use of r o t a t i n g  seals  i s  
obv ia ted  and a i r  leakage i n t o  the  low pressure l i q u i d  loop i s  prevented. 
The water  vapor formed i n  the l i q u i d  loop i s  compressed i n  a two-stage 
Th is  machine i s  a l s o  s t a t i c a l l y  sealed and d r i v e n  v o r t e x  compressor (210).  
by a b rush less  dc motor through a magnetic coupl ing.  
(217) permi ts  i s o l a t i o n  o f  t h e  b r i n e  and vapor loops. A so leno id  s h u t o f f  v a l v e  
(243) i n  t h e  vapor l i n e  f rom the  separator  w i l l  a u t o m a t i c a l l y  i s o l a t e  t h e  vapor 
loop from t h e  b r i n e  c i r c u i t  should a separa tor  f a i l u r e  occur.  
A manual s h u t o f f  v a l v e  
The vapor then f lows t o  a recupera tor - reac tor  (21 I) where t r a c e  q u a n t i t i e s  
o f  contaminants vapor ized i n  the b r i n e  loop are o x i d i z e d  a t  h i g h  temperature. 
A minute f l o w  o f  oxygen i s  metered i n t o  the vapor l i n e ' u p s t r e a m  o f  the  c a t a l y t i c  
r e a c t o r  f o r  t h i s  purpose. Oxygen f l o w  c o n t r o l  i s  mainta ined constant  by an 
o r i f i c e  (212) i n  the oxygen feed l i n e ;  a f i l t e r  (213) i n  t h a t  l i n e  prevents  
f o u l i n g  o f  the  o r i f i c e .  
o r  s t e r i l i z i n g  the vapor loop i f  necessary. 
Qyick-disconnects (216) can be used f o r  f l u s h i n g  
The recupera tor  c o n s i s t s  o f  a shel l -and- tube heat  exchanger o f  very  low 
pressure drop  and h i g h  e f f e c t i v e n e s s .  Vapor f rom the  condenser i s  heated i n  
the recupera tor  t o  a temperature o f  about 765OF. 
the c a t a l y t i c  bed, which i s  mainta ined a t  800°F by an e l e c t r i c a l  heater.  
The vapor then f l o w s  through 
A 
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temperature sensor (214) and a c o n t r o l l e r  (215) are p rov ided f o r  heater  power 
c o n t r o l .  redundant heaters,  c o n t r o l l e r s ,  and sensors are used t o  enhance 
system r e l i a b i l i t y .  The c a t a l y s t  c o n s i s t s  o f  c i r c u l a r  sec t ions  o f  rhodium 
p l a t e d  s t a i n l e s s  s t e e l  screens stacked t o  form a c y l i n d e r .  The contaminants 
en t ra ined w i t h  the vapor f rom the phase separator  a r e  o x i d i z e d  over  the 
c a t a l y s t  surface. The vapor then r e t u r n s  through the  s h e l l  s ide  o f  the 
r e a c t o r  where i t  i s  cooled t o  about 155'F. The recupera tor - reac tor  a l s o  a c t s  
as a s t e r i  1 i z e r .  
Water vapor f rom the recuperator  e n t e r s  the heater-condenser (206) where 
i t  i s  cooled and condensed on the e x t e r n a l  sur face o f  the b r i n e  tube. Con- 
densat ion occurs a t  a pressure h igher  than the phase separator  pressure so 
t h a t  the s a t u r a t i o n  temperature o f  the vapor i s  h i g h e r  than the b r i n e  tempera- 
t u r e  f rom the  separator .  I n  t h i s  manner, the heat  o f  condensat ion o f  the water 
vapor i s  dumped i n t o  the b r i n e  loop. The condensing pressure i s  mainta ined 
constant  a t  1.5 p s i a ;  separator  pressure i s  1.09 ps ia .  
R e f r a s i l  wicks w i t h i n  the condenser are used t o  c o l l e c t  the condensate 
formed on t h e  sur face  o f  the tube and t r a n s p o r t  i t  t o  a h y d r o p h y l i c  s i n t e r e d  
metal p l a t e  which serves as the phase separator.  A c y c l i c  accumulator (313) 
p rov ides  the pressure d i f f e r e n t i a l  necessary t o  pump the water through the 
p l a t e  and o u t  o f  the condenser. 
mon i to rs  c y c l i c  accumulator performance. 
A d i f f e r e n t i a l  pressure t ransducer  (415) 
Non-condensibles formed i n t o  the separator  and the reactor ,  and unreacted 
The r e g u l a t o r  ma in ta ins  a cons tan t  
oxygen b l e d  i n t o  the vapor loop upstream o f  the recuperator ,  are exhausted t o  
vacuum through a pressure r e g u l a t o r  (229). 
pressure i n  the heater-condenser vapor c a v i t y .  A s h u t o f f  va lve  (203) down- 
stream o f  the  r e g u l a t o r  p e r m i t s  system i s o l a t i o n  i n  the event o f  f a i l u r e .  A 
needle s h u t o f f  va lve  (230) i n s t a l l e d  i n  p a r a l l e l  w i t h  the r e g u l a t o r  i s  used 
upon system s t a r t u p  t o  reduce the system pressure f rom ambient t o  i t s  normal 
o p e r a t i n g  l e v e l  ( I  t o  1.5 p s i a ) .  Th is  va lve  s l o w l y  bleeds the a i r  f rom the 
system t o  vacuum, thus p r e v e n t i n g  foaming i n  the phase separator.  
3. Reclamation Process Cont ro l  
Cont ro l  o f  t h e  water  rec lamat ion process i s  f a i r l y  s imple;  i t  i s  
accomplished m a i n l y  through m o n i t o r i n g  and c o n t r o l  o f  ( I )  t h e  phase separator  
l i q u i d  l e v e l  and ( 2 )  t h e  b r i n e  concent ra t ion .  As  mentioned prev ious ly ,  t h e  
condensing pressure o f  t h e  water  vapor i s  mainta ined constant .  The pressure 
r e g u l a t o r  (229) dumps t o  vacuum t h e  non-condensible gases e n t r a i n e d  w i t h  t h e  
vapor i n  t h e  condenser vapor c a v i t y .  T h i s  pressure i s  normal ly  c o n t r o l l e d  a t  
a nominal v a l u e  o f  1.5 p s i a ;  however, i t  i s  manual ly  s e l e c t a b l e  and can be used 
t o  c o n t r o l  t h e  water  p roduc t ion  r a t e  o f  t h e  system. Water p r o d u c t i o n  r a t e s  can 
be ad jus ted  from 1.0 t o  1.73 l b / h r  by v a r y i n g  condensing pressure f rom 1.0 t o  
2.0 p s i a  ( a t  t h e  nominal b r i n e  c o n c e n t r a t i o n  of 20 percent) .  
The b r i n e  l e v e l  and c o n c e n t r a t i o n  are measured a t  the separator  (208) 
by s i m i l a r  nuc leon ic  devices.  
separator  cas ing  emi ts  r a d i a t i o n ,  which i s  d i r e c t e d  toward a d e t e c t o r  (236) 
(Geiger M u e l l e r  tubes) mounted on the o t h e r  s ide  o f  the casing. 
r a d i a t i o n  generated passes through the separator  casing, the  r o t a t i n g  drum, 
A r a d i o a c t i v e  source (235) mounted on the  
The 
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and the f l u i d  conta ined i n  the drum before  i t  reaches the d e t e c t o r .  The 
amount o f  r a d i a t i o n  sensed by the d e t e c t o r  i s  a f u n c t i o n  o f  the q u a n t i t y  which 
has been absorbed between the cons tan t  source and the sensing device.  Since 
the q u a n t i t y  absorbed by the f l u i d  i s  dependent on i t s  densi ty ,  the  s i g n a l  
received i s  a f u n c t i o n  o f  dens i ty .  S i m i l a r l y ,  the q u a n t i t y  o f  r a d i a t i o n  
detected w i l l  be dependent on the  presence o f  l i q u i d  i n  the  r a d i a t i o n  beam 
path.  
Two sources (235 and 237) a re  used i n  c o n j u n c t i o n  w i t h  two d e t e c t o r s  
S igna ls '  from these inst ruments a re  used by a c o n t r o l l e r  (239) (236 and 238). 
t o  c o n t r o l  the i n v e n t o r y  o f  f l u i d  i n  the l i q u i d  loop. Operat ion i s  as f o l l o w s :  
I n i t i a l l y ,  the system i s  f i l l e d  w i t h  u r i n e  a t  about 4 percent  s o l i d s  
concent ra t ion .  
the s o l i d s  conten t  o f  the l i q u i d  w i l l  increase and the  l i q u i d  l e v e l  i n  the 
separator  w i l l  drop. The c o n t r o l l e r  w i l l  then admit  more u r i n e  i n t o  the 
l i q u i d  loop by opening the so leno id  va lve  (240) i n  the l i n e  f rom the u r i n e  
storage tank  (201). (The second v a l v e  (243) i n  t h a t  l i n e  i s  normal ly  opened 
and i s  o n l y  shut i n  the event o f  open f a i l u r e  o f  the f i r s t  va lve (240) ;  t h i s  
i s  done a u t o m a t i c a l l y  by the c o n t r o l l e r  and prevents  separator  f l o o d i n g . )  
I n  t h i s  manner, the  T i q G i d ' l e v e l  i n  thc  separator  i s  mainta ined approx imate ly  
constant,  a t  about 750 cc. As the b r i n e  c o n c e n t r a t i o n  increases, the water  
p r o d u c t i o n  r a t e  w i l l  s l o w l y  drop and the system o p e r a t i n g  parameters w i l l  
a l s o  change. When the b r i n e  c o n c e n t r a t i o n  reaches 25 percent  as sensed by 
the  d e n s i t y  c o n t r o l l e r ,  a d d i t i o n  o f  u r i n e  i n t o  the loop i s  i n t e r r u p t e d .  As 
a r e s u l t  the l i q u i d  l e v e l  w i l l  drop and the c o n c e n t r a t i o n  o f  the l i q u i d  w i l l  
increase r a p i d l y .  When the  concent ra t ion  reaches 50 percent,  the u r i n e  l e v e l  
i n  the separator  i s  about 375 cc. A t  t h i s  p o i n t  the c o n t r o l l e r  opens a 
so leno id  v a l v e  ( 2 4 0 )  i n  the separator  d e l i v e r y  l i n e  and b r i n e  i s  dumped i n t o  
a storage tank (241) mainta ined a t  low pressure.  T h i s  va lve  i s  shut  when 
separator  l e v e l  reaches 150 cc. The l i q u i d  loop i s  then rep len ished w i t h  
f resh  u r i n e  u n t i l  the l e v e l  reaches 750 cc again.  A t  t h i s  p o i n t  the b r i n e  
c o n c e n t r a t i o n  i s  about 17 percent  due t o  d i l u t i o n  w i t h  the f r e s h  ur ine .  
Operat ion s t a r t s  again, w i t h  t h e  l e v e l  be ing  mainta ined constant  u n t i l  t h e  
25 percent  d e n s i t y  mark i s  reached. I n  t h i s  manner, a 95 percent  recovery 
e f f i c i e n c y  i s  achieved (assuming 5 percent  s o l i d s  i n  u r i n e )  s i n c e  t h e  b r i n e  i s  
dumped a t  50 percent  concent ra t ion .  
As water  vapor i s  formed and e x t r a c t e d  from the phase separa tor  
The b r i n e  tank  i s  a b ladder - type  tank  which i s  vented t o  vacuum through 
a pressure r e g u l a t o r  (242). 
t h e  90-day resupply  i n t e r v a l .  
on each s i d e  o f  t h e  tank  permi t  easy replacement. 
The tank  i s  s ized  f o r  p e r i o d i c  replacement a t  
Q u i c k  d isconnects  (233) and s h u t o f f  va lves  (203) 
Water C o l l e c t i o n  and Transfer-300 
The c y c l i c  accumulator (313) prov ides t h e  pressure necessary t o  pump the  
recovered water  i n t o  t h e  reclaimed water  tank  (308). 
n i t r o g e n  gas prov ides t h e  pneumatic power f o r  water  expu ls ion  f rom t h e  c y c l i c  
High pressure (100 p s i a )  
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accumulator. Dur ing  the f i l l  cyc le ,  a s p r i n g  w i t h i n  the accumulator p rov ides  
the s u c t i o n  pressure.  N i t r o g e n  i s  in t roduced i n t o  the  accumulator a t  r e g u l a r  
i n t e r v a l s  f o r  a predetermined t ime per iod.  N i t r o g e n  c o n t r o l  i s  e f f e c t e d  
by a t i m e r  (315) which opens and c loses  a so leno id  v a l v e  (314) accord ing  t o  
a p r e s e t  t ime sequence. 
A t  the condenser o u t l e t ,  rec la imed water  p u r i t y  i s  moni tored o n - l i n e  t o  
A pH sensor (301), a c o n d u c t i v i t y  meter (302), and determine a c c e p t a b i l i t y .  
a sensor t o  mon i to r  d i s s o l v e d  organ ic  contents  (303) a re  prov ided f o r  t h i s  
purpose. S i g n a l s  f rom these inst ruments a re  compared t o  p reset  maximum 
l i m i t s  i n  the  p u r i t y  c o n t r o l l e r  (304) .  
exceeds the  maximum, the c o n t r o l  l e r  w i  1 1  s w i t c h  s e l e c t o r  va lve  (306) and 
thus w i l l  d i v e r t  the c y c l i c  accumulator d ischarge t o  the u r i n e  s torage tank 
(201) f o r  recyc le .  An a larm w i l l  a l s o  be a c t i v a t e d  t o  a l e r t  the crew of the 
abnormal c o n d i t i o n .  Check va lves (310) i n  the r e t u r n  l i n e  t o  the u r i n e  tank 
prevents  r e v e r s a l  o f  f l o w  i n  t h a t  l i n e .  A b a c t e r i a  f i l t e r  (307) downstream 
o f  the s e l e c t o r  va lve  prov ides  a b a r r i e r  a g a i n s t  b a c t e r i a  m i g r a t i o n  f rom the 
u r i n e  tank t o  the rec la imed water p o r t i o n  o f  the system. 
I f  any o f  t h e  measered parameters 
A s i l v e r  i on  generator  (305) upstream o f  the c y c l i c  accumulator in t roduces  
a minute q u a n t i t y  o f  s i l v e r  ions i n t o  the reclaimed water stream. The 
b a c t e r i c i d a l  q u a l i t y  o f  the  s i l v e r  ma in ta ins  s t e r i l e  c o n d i t i o n s  throughout 
the rec la imed water system and prevents  b a c t e r i a  growth on the f i l t e r s  should 
b a c t e r i a  reach these f i 1 t e r s .  
Reclaimed water  which has been checked f o r  p u r i t y  i s  pumped i n t o  one o f  
two rec la imed water tanks (308). 
prevent  reverse f low.  
the  rec lamat ion  system from the s torage tank. 
p r o t e c t s  the rec lamat ion  system from b a c t e r i a  which p o t e n t i a l l y  cou ld  e n t e r  
the water loop  a t  a l o c a t i o n  i n  the  storage area. 
Check va lves (310) i n  the d e l i v e r y  l i n e  
A shutof f  v a l v e  (309) can be used f o r  i s o l a t i o n  o f  
A b a c t e r i a  f i l t e r  (307) 
Two water  tanks are  used; w h i l e  one i s  on stream and being f i l l e d ,  the  
o t h e r  i s  i s o l a t e d  from the system by unmating a q u i c k  d isconnect  (31 I ) .  The 
i s o l a t e d  tank i s  on h o l d  and i s  b e i n g  checked f o r  b a c t e r i a  contents .  I f  the 
water conta ined i n  the tank on h o l d  i s  found t o  be acceptable,  the tank i s  
emptied i n t o  the  spacecraf t  po tab le  water system. A d isconnect  on the 
spacecra f t  water  l i n e  i s  prov ided f o r  t h i s  purpose. The d isconnects  a r e  main- 
t a i n e d  s t e r i l e  by t h e  use o f  covers which house a sponge soaked w i t h  b a c t e r i c i d e .  
The b a c t e r i c i d e  i s  added t o  t h e  sponge manual ly a t  p e r i o d i c  i n t e r v a l s .  I f  t h e  
tank  i s  found t o  c o n t a i n  bac ter ia ,  i t  i s  recyc led  t o  t h e  u r i n e  s to rage tank, 
I n  such an event, s t e r i l i z a t i o n  of t h e  e n t i r e  rec lamat ion  system ( i n c l u d i n g  t h e  
t a n k )  would be necessary. 
water  p r o d u c t i o n  of one day t o  permi t  m i c r o b i o l o g i c a l  a n a l y s i s  o f  t h e  water .  
The d isconnect  (31 I )  downstream of t h e  condenser can be used f o r  f l u s h i n g  the  
reclaimed water  loop. 
Each water  rec lamat ion  t a n k  i s  s ized  t o  h o l d  t h e  
The reclaimed water  tanks a r e  pressur ized  w i t h  n i t r o g e n  from the spacecra f t  
.supply. 
a t  30 ps ig .  
A pressure r e g u l a t o r - r e 1  i e f  v a l v e  (31 2) c o n t r o l s  t h e  n i t r o g e n  pressure 
Humid i ty  condensate, p r e t r e a t e d  t o  make i t  p o t a b l y  pure, i s  f u r n i s h e d  t o  
As s p e c i f i e d  by NASA, t h e  system f rom the  spacecra f t  humid i ty  c o n t r o l  system. 
t h i s  l i q u i d  stream i s  c i r c u l a t e d  through a s i l v e r  i on  generator  (305) and 
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mixed w i t h  the  e f f l u e n t  f rom the water rec lamat ion u n i t .  
and a b a c t e r i a  f i l t e r  (307) i n  the  h u m i d i t y  condensate feed l i n e  prevent  
r e t u r n  f l o w  and b a c t e r i a l  contaminat ion o f  the  remainder o f  the IWRS. 
Check va lves  (310) 
I n s  trumen t a  t i on-400 
A number o f  inst ruments are i n s t a l l e d  on the system f o r  performance 
m o n i t o r i n g  and f o r  f a u l t  i s o l a t i o n  i n  the event of f a i l u r e .  I n  general ,  a l l  
tanks are instrumented f o r  con ten t  and pressure.  F l u i d  inventory  can thus 
be e s t a b l i s h e d  and system process ing r a t e  can be ad jus ted  t o  achieve m a t e r i a l  
ba 1 ance. 
Ammeters (409) are used t o  moni tor  compressor and separator  motor 
pe rformance. 
Reclamation c i r c u i t  thermodynamic performance i s  monitored by pressure 
and temperature sensors i n s t a l l e d  a t  se lec ted  l o c a t i o n s :  
(a )  B r i n e  temperature a t  separator  o u t l e t  (410) 
( b )  
( c )  
Separator pressure (41 I ) 
B r i n e  temperature a t  condenser o u t l e t  (412) 
(d )  C a t a l y t i c  Reactor Temperature (413) 
(e )  Condenser pressure (414) 
The temperature t ransducers a r e  mounted e x t e r n a l l y  on t h e  b r i n e  tube and 
a r e  no t  i n  c o n t a c t  w i t h  t h e  l i q u i d .  
I n  a d d i t i o n  t o  t h e  above, t h e  l e v e l  and c o n c e n t r a t i o n  o f  t h e  b r i n e  i n  
t h e  l i q u i d  loop w i l l  be monitored. P u r i t y  sensor readings w i l l  a l s o  be 
d isp layed.  
ELECTRICAL SCHEMATIC 
The e l e c t r i c a l  schematic o f  t h e  system i s  presented i n  Drawing SK 38192, 
which can be found a t  t h e  end o f  t h i s  sec t ion .  The schematic represents  t h e  
system f l i g h t  c o n f i g u r a t i o n  as d e f i n e d  i n  t h e  prev ious  d iscuss ion .  
and cables w i l l  be s i l v e r  p l a t e d  and i n s u l a t e d  w i t h  Tef lon.  The equipment i s  
designed f o r  normal o p e r a t i o n  f rom a dc bus as s p e c i f i e d  below: 
A l l  w i r i n g  
( a )  I n p u t  vol tage, 25 t o  30 v 
(b )  Bus under vo l tage,  22 v f o r  I sec 
( c )  BUS over vol tage, 33 v f o r  I sec 
(d )  Bus r i p p l e ,  f0.5 v peak from 20 t o  22 kHz 
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(e )  Bus i n t e r r u p t i o n ,  30 msec max 
( f )  Transients,  +80 v w i t h  respec t  t o  s teady -s ta te  bus v o l t a g e  f o r  
IO psec a t  IO pps 
The i n p u t  400-Hz power i s  used t o  p rov ide  a t ime base f o r  t he  t i m e r  
c o n t r o l l e d  c i r c u i t s .  A s  such, n e i t h e r  the  c u r r e n t  nor  the  v o l t a g e  r e q u i r e -  
ments o f  t h i s  power a r e  impor tan t ;  however, f requency s t a b i l i t y  i s  impor tan t  
f o r  t he  accuracy o f  t he  t i m i n g  c i r c u i t s .  
Only a v i s u a l  a la rm i s  shown. Pending f u r t h e r  m a i n t a i n a b i l i t y  i n v e s t i g a -  
t ion ,  which w i l l  i d e n t i f y  t he  system parameters which w i l l  r e q u i r e  cont inuous 
m o n i t o r i n g  f o r  system f a i l u r e  de tec t ion ,  automat ic i ns t rumen ta t i on  m o n i t o r i n g  
has n o t  been shown. Fu r the r  work w i l l  most p robab ly  i d e n t i f y  t he  need f o r  an 
automat ic (aud io  and v i s u a l )  a larm system t o  be incorpora ted  on t h e  spacecra f t  
subsystem c e n t r a l  c o n t r o l  panel. Th i s  w i l l  r e q u i r e  t h e  a d d i t i o n  o f  sw i t ch ing  
devices, comparator c i r c u i t s ,  and r e l a y s  t o  read the  sensor ou tpu ts  sequen t ia l l y ,  
compare t h i s  ou tpu t  t o  p r e s e t  t o le rance  bands, and r e l a y  t h e  i n fo rma t ion  t o  t h e  
spacecra f t  c o n t r o l  console. 
SYSTEM PACKAGE 
Inhe ren t  t o  t h e  concept o f  maintenance on a spacecra f t  system i s  t h e  
packaging o f  the  system t o  a l l o w  s imp le  maintenance tasks  by f l i g h t  crews 
w i t h o u t  t he  need f o r  h i g h l y  s p e c i a l i z e d  t o o l s .  
t o  a1 1 elements o f  t he  system, 2 )  mountings and connect ions t o  a1 low easy 
removal o f  t h e  f a i l e d  items, and 3 )  system p r o v i s i o n s  t o  f a c i l i t a t e  e i t h e r  shut -  
down and s t a r t u p  opera t i ons  o r  switchover t o  a l t e r n a t e  modes o f  ope ra t i on .  
Th is  requ i res  I )  a c c e s s i b i l i t y  
Package drawings were developed e a r l y  i n  the  program t o  de f i ne  p r e l i m i n a r y  
equipment groupings and t o  develop m a i n t a i n a b i l i t y  approaches f o r  t he  IWRS.  
The schematic used as a b a s i s  f o r  t h e  p repara t i on  of these drawings d i f f e r s  
somewhat f rom t h e  f i n a l  schematic o f  F igure  2-2. The d i f f e r e n c e s  i n v o l v e  minor 
equipment (valves, disconnects, and ins t rumen ta t i on ) ;  t he  major components a re  
e s s e n t i a l l y  t h e  same. I n  a d d i t i o n  m a i n t a i n a b i l i t y  i n v e s t i g a t i o n s  conducted a t  
a l a t e r  da te  r e s u l t e d  i n  s l i g h t l y  d i f f e r e n t  approaches t o  m a i n t a i n a b i l i t y .  For 
these reasons t h e  package drawings a r e  o n l y  t y p i c a l  o f  t he  f i n a l  design. How- 
ever, they serve t o  i l l u s t r a t e  t h e  general  equipment groups and t h e i r  l o c a t i o n  
i n  t h e  o v e r a l l  package. 
Descr i p t  i on 
A package layou t  f o r  t h e  u r i n e  recovery p o r t i o n  of  t h e  I W R S  i s  shown on 
Drawing L-145719, sheets I through 4 ,  which can be found a t  t h e  end o f  t h i s  
Sect ion.  Sheet 4 o f  t h i s  l ayou t  i s  an i s o m e t r i c  of t h e  package design, showing 
the  placement o f  t h e  major components. 
t he  package. As indicated, the  package i s  arranged i n  t h r e e  l e v e l s  as f o l l o w s :  
Walkways a r e  prov ided on a l l  s ides  o f  
(a )  Top l e v e l  f o r  system c o n t r o l s  and ins t rumenta t ion .  
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(b) Mid level for major operating elements of the system 
(c) Bottom level for storage tanks 
The upper level, shown on sheet I of L-145719, is arranged to provide all 
of the normal crew interfaces. Included at this level are system controls, 
system monitoring instrumentation, and some of the interfaces needed for cer- 
tain maintenance actions. A l l  of the electronic elements of the system are 
packaged on a side panel near the top. 
Most of the operational elements of the system are packaged in the mid 
level shown on sheet 2 of L-145719. These include the following components: 
(a) Vapor compressor 
(b) Process loop phase separator 
(c) Heater-condenser 
(d) Water qua 1 i ty sensors 
(e) Urinal phase separator 
(f) Urinal blower and filter 
Mounting the components in this manner allows a minimum of interconnecting 
lines and minimizes process loop heat balance problems. It also allows for 
grouping the components into replaceable assemblies according to maintenance 
level determinations. 
The lower level of the package, shown on sheet 3 of L-145719, contains 
the urine, brine, and reclaimed water storage tanks and tank instrumentation. 
Discussion of Packaqinq Considerations 
Component groupings into assemblies in the package design described above 
will facilitate maintenance operations. Examples o f  component assemblies are 
the brine, urine, and water storage tanks. These assemblies include tank, 
gauging system, pressure control valve assembly, and disconnects. Replacement 
would be accomplished by merely disconnecting the fluid lines and the electri- 
cal line and removing the tank assembly. The tank mounting consists of a 
saddle bracket and a strap clamp. Most liquid line connections will be made 
with no-spi 1 1  quick-disconneccs. 
Components of the brine loop will be difficult to replace due to 
contamination and cleanup problems with this material. For this reason, it is- 
recommended at this time that replacement of any element of this unit be done 
by replacement of the entire brine loop assembly. This loop will consist of 
the separator, the heater-condenser, and the flash valve. The placement and 
mounting these units in the package could allow this level of maintenance to be 
accommodated; quick-disconnects are provided for this purpose (see schematic). 
The package shown does not incorporate this capability . 
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Provisions for shutdown and startup are incorporated to permit isolation 
of various sections of the system. Disconnects at various points in the system 
a1 low flushing of the system sections requiring maintenance, and steri 1 ization 
following maintenance action. Flexible 1 ines with disconnects are provided 
for this purpose. Water used for sterilization and flushing can be directed 
to the urine storage tank to be processed in the unit. 
disconnects and shutoff valves) are provided in easily accessible areas at 
the top and side of the package to facilitate such maintenance tasks. 
Interfaces (quick 
Commonality in components can greatly reduce the required number and type 
of spares provided. For the IWRS, it is proposed that many of the valves, as 
well as virtually all of the display meters and signal conditioners be the 
same. It is probable that most of the temperature sensors could be of two or 
three different designs. The same applies to the pressure transducers. It is 
also proposed that careful consideration be given to the use of identical stor- 
age tanks for the three primary functions of feed, brine dump, and reclaimed 
water storage. The brine tank is presently approximately twice the size of 
the water tanks. Perhaps two brine tanks the same size as the water tanks 
would be preferable for provisioning requirements. 
A primary requirement for removal and installation of components or 
assemblies in space is ease in accomplishing the mechanical connections, As 
indicated earlier, the storage tanks are mounted in a saddle mount with a 
strap clamp. Other components wi 1 1  be mounted uti 1 izing simi lar techniques. 
By the use of magnetic coupling drives for all rotating machinery, replacement 
is greatly facilitated. This will also aid in fault isolation since new motors 
can be readily installed on suspect components to verify a failure diagnosis. 
Similarily, placement of temperature sensors external to the line wherever 
possible will allow removal and replacement without interruption in system 
ope rat ion. 
S Y STEM C HARACTE R I ST I CS 
Overa 1 1 Sys tern 
I .  Component Summary 
A complete list of the components shown in the schematic of Figure 2-2 
is given in Table 2-2. Component weights and power requirements are also 
listed in the table. 
wash water reclamation) as follows: 
The system shown comprises 119 components (excluding 
100--Urine Collection and Transfer 22 
200--Urine Storage and Processing 46 
300--Reclained Water Collection and Transfer 34 
400--Instrumentation 17 
Total I19 
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TABLE 2-2 
COMPONENT SUMMARY 
Oescri pt i on 
IE COLLECTION AND TRANSFER 
Urinal 
Phase separator 
Blower 
Charcoal filter 
Charcoal canister 
Check valve 
Solenoid shutoff valve 
Bactericide metering orifice 
Rinse water metering orifice 
Urine collection package controller 
Pretreatment fluid tank 
Manual shutoff valve 
Quick disconnects 
Pressure transducer 
Bacteria filter 
Urine storage tank 
Pressure regulator-re1 ief 
Manual shutoff valve 
Heater-condenser 
Flash valve 
Phase separator 
Vapor canpressor 
Recuperator-reactor 
Oxygen metering orifice 
Oxygen f i 1 ter 
Temperature sensor 
Reactor temperature controller 
Quick-disconnect 
Manual shutoff valve 
Switch 
Condenser pressure regulator 
Bleed valve 
Quick-disconnect 
Density control source 
Density control detector 
Level control source 
Level control detector 
Brine loop controller 
Solenoid shutoff valve 
Brine storage tank 
Brine pressure regulator 
Solenoid shutoff valve 
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lmber 
lequi ret 
I 
I 
I 
I 
I 
3 
3 
I 
I 
I 
I 
3 
2 
I 
I 
I 
I 
8 
I 
I 
I 
I 
I 
I 
I 
2 
2 
3 
I 
2 
I 
I 
6 
I 
I 
I 
I 
I 
2 
I 
I 
2 
Item 
Weight, Ib 
I 
I O  
0 
1.5 
2.5 
3. I 
3.3 
3.  I 
3. I 
3.0 
II (full) 
3.3 
3 . 8  
1.0 
3.2 
8 (dry) 
I 
0.3 
5 
0. I 
I O  
B 
5 
3. i 
3.2 
0. I 
0.6 
1.0 
0.7 
0. I 
1.0 
0.2 
3.8 
3.6 
0.6 
3 
3.3 
1.0 
0.3 
- 
Power 
Watts 
20 
IO 
See 
remark 
60 
60 
80 
25 
40 
See 
remarl 
Remarks 
Incorporates air and water manifolds 
Brushless dc motor drive; statically sealed unit 
Brushless dc motor drive; BP = 3.5 in. H20 
Expendable; charcoal impregnated with phosphoric acid 
Rechargable every 90 days 
Spring loaded closed - 6 watts to activate by Item 110 
Power includes power to valves and motors 
Contains 7 Ib of pretreatment fluid; replaced at 90-day 
intervals 
40 ma at 28 vdc 
Capacity: 37.6 H20; operating pressure: 4 to 7 psia 
Regulates at 4 psia, relieves at 7 psia 
1440 Btu/hr capacity at design point (20 percent brine 
concent rat ion) 
Brushless dc motor; magnetic coupling; brine AP: I O  psi 
Brushless dc motor; magnetic coupling; pressure ratio: 
1.59 at design point 
Contains rhodium catalyst; operating temperature: 800°F 
02 flow controlled at 0.0005 Ib/hr 
Power includes reactor power input 
Similar to -C valve 
Adjustable aneroid to permit regulation between 0.5 and 
2.5 psia 
Limit depressurization of vapor drop at rate of 0.5 
psi hi n 
Nucleonic source (americim 241) 
Geiger-muller tubes 
Americium 241 source 
Gieger mueller tubes 
Manage fluid inventory in brine loop; power includes 
powerr for valve and separator operation 
Spring loaded closed; 6 watts to open 
Capacity: 94 Ib  of  50 percent solids brine; pressure 
4 to 6 psia 
Normally opened; 6 watts to open 
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TABLE 2-2 (Continued) 
- 
tern 
lumbei 
>00--1 
10 I 
IO2 
io3 
io4 
-
io5 
io6 
i07-E 
io8 
iO9-C 
i l O - A  
1 1  I -D 
I12 
113 
i 14-8 
i I 5  
loo-- 
LO I 
102 
103 
604 
105 
- 
106 
507 
109 
110 
11 I 
612 
113 
114 
115 
- 
Descript ion 
AIMED WATER COLLECTION AND TRANSFEF 
pH sensor and d i sp lay  
Conduct iv i ty sensor 
Inorganics monitor 
P u r i t y  c o n t r o l l e r  
S i l v e r  i on  generator 
Selector va I v e  
Bacter ia f i l t e r  
Reclaimed water tank 
Manual shutoff valve 
Check valve 
Quick disconnect 
Pressure r e g u l a t o r - r e l i e f  
Cyc l i c  accumulator 
Solenoid va l ve  
Cyc l i c  accumulator t imer 
'RUMEMATION 
Ur ine  storage quan t i t y  meter 
Ur ine storage pressure meter 
B r i n e  storage quan t i t y  meter 
B r ine  storage pressure meter 
Reclaimed water storage q u a n t i t y  
meter 
Reclaimed water storage pressure 
meter 
Pretreatment tank q u a n t i t y  meter 
Ammeter 
B r ine  tempera t u  re-sepa ratort  
o u t l e t  
Separator pressure meter 
B r ine  temperature-condenser 
o u t l e t  
Cata 1 y t  i c reactor temperature 
Condenser pressure transducer 
D i f f e r e n t i a l  pressure transducer 
4umber 
lequi red 
I 
I 
I 
I 
2 
I 
4 
2 
7 
6 
4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
4 
I 
I 
I 
I 
I 
I 
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[tem 
{eight, It  -
1.2 
1.2 
1.0 
!.5 
1.7 
1.8 
1.2 
5 (dry) 
1,3 
1. I 
).8 
1.0 
2.0 
1. 3 
1.5 
0.7 
0.8 
0.7 
0.8 
0.7 
0.8 
0.7 
0.5 
3.7 
0.8 
0.7 
0.7 
0.8 
0.8 
- 
Power, 
watts - 
25 
5 - 
40 
30 
40 
30 
40 
30 
40 
I t o  4 
40 
40 
40 
40 
40 
40 
- 
Remarks 
32 watts maximum when se lec to r  valve actuated; d i s p l a y  
meters on u n i t  
Sel f -conta i ned e lec t ron i c  uni  t 
6 watts required f o r  actuat ion;  valve actuated when 
water unacceptable 
Capacity: 20 I b  o f  water 
Maintains reclaimed water tank a t  30 p s i g  
Powered by n i t rogen  from spacecraft supply 
Powered by t imer  (315) 
Also 7 wa t t s  fo r  a c t i v a t i o n  of valve 314-8 
Range: 0 t o  40 l b  
Range: 0 t o  8 ps ia  
Range: 0 t o  110 I b  
Range: 0 t o  8 psia 
Range: 0 t o  20 I b  
Range: 0 t o  40 p s i g  
Range: 0 t o  5 amps 
Range: 80 t o  130°F 
Range: 0.2 t o  3.0 ps ia  
Range: 80 t o  13OoF 
Range: 600 t o  1000°F 
Range: 0.2 t o  3 psia 
Range: 0 t o  0.5 psia 
70-70 I 8, Rev. I 
Page 2-16 
t he  
subs 
I tem 
Dash No. 
-A 
-B 
-C 
-D 
F ive  components i n  t h e  l i s t i n g  o f  Table 2-2 a r e  found t o  be common t o  
f o u r  subsystems l i s t e d  above. The number o f  these components i n  each 
ystem i s  l i s t e d  i n  Tab le  2-3. 
Subs y s tern 
D e s c r i p t i o n  IO0 200 300 Tota 1 
- Check v a l v e  3 6 9 
So leno id  s h u t o f f  v a l v e  3 2 I 6 
Manual s h u t o f f  v a l v e  3 8 7 18 
Qu ick  d isconnect  2 6 4 12 
TABLE 2-3 
COMMON COMPONENT SUMMARY 
(exc 1 ud i ng i ns t rumen t a t  i o n )  
The e x t e n t  o f  commonal i tycan o n l y  be r e a l i z e d  by comparing the  t o t a l  
number of components (119) t o  the  t o t a l  number o f  designs (63 ) .  Examination 
o f  t he  system schematic and p a r t s  l i s t  shows t h a t  commonality was s t ressed  i n  
component s e l e c t i o n ;  and t h a t  t he  wide use o f  i d e n t i c a l  s h u t o f f  valves and 
qu ick  disconnects i n  d i v e r s i f i e d  f l u i d  streams represents a design goal .  Only 
through d e t a i l  design a c t i v i t i e s  can the  f i n a l  e x t e n t  o f  commonality be de- 
f i ned  accu ra te l y .  
2. System Weiqht 
The we igh t  o f  t he  system dep ic ted  on the  schematic o f  F igu re  2-2 i s  
es t imated  a t  148 l b  i n c l u d i n g  a 90-day charge o f  expendables. On s t a r t u p  the  
u r i n e  s to rage  tank  i s  f u l l  o f  water, a l l  o t h e r  system tanks a r e  empty w i t h  t h e  
excep t ion  o f  t h e  pre t rea tment  f l u i d  tank. The system we igh t  breakdown by sub- 
system i s  as f o l l o w s :  
I .OO--Urine c o l l e c t i o n  and t r a n s f e r  38 l b  ( i n c l u d i n g  b a c t e r i c i d e )  
2.00--Urine s to rage  and process ing  69 l b  
3.00--Water c o l l e c t i o n  and t rans fe r  29 l b  
4.00-- I n s  t rumen t a  t i  on I 2  l b  
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System expendables inc lude:  
B r i n e  dump: I .  I lb/day 
Oxygen f o r  c a t a l y t i c  r e a c t o r  ope ra t i on :  0.012 lb/day 
Pretreatment tank  assembly: 13.1 lb /90  days, 
A c t i v a t e d  charcoal  bed (I 0 4 ) :  I .5 lb/90 days 
N i t rogen  used t o  p rov ide  the  pneumatic power f o r  c y c l i c  accumulator 
ope ra t i on  and tank  p r e s s u r i z a t i o n  i s  d ischarged t o  t h e  cab in  and t h e r e f o r e  
i s  n o t  charged t o  the  system as an expendable. 
3 .  Power Requi rements 
The water  recovery system cont inuous power requirement is  est imated a t  
195 wat ts  exc lud ing  i ns t rumen ta t i on  and c o n t r o l s .  I n t e r m i t t e n t  power consump- 
t i o n  i n  the  u r i n e  c o l l e c t i o n  subsystem i s  es t imated  a t  60 wa t t s .  
A rough es t ima te  o f  t he  power necessary t o  opera te  the  c o n t r o l s  and the  
i n s t r u m e n t a t i o n  t ransducers i n d i c a t e s  t h a t  25 wa t t s  w i  1 1  be necessary f o r  t h i s  
pu rpos e. 
4 .  Heat Leaks 
Conceptua l l y  a vapor compression system i s  t h e r m a l l y  balanced s ince  the  
heat o f  condensation prov ides  t h e  thermal energy necessary f o r  v a p o r i z a t i o n  
o f  t he  water.  I n  p rac t i ce ,  heat i s  g e n e r a l l y  added t o  the  work ing  f l u i d  i n  
the  power consuming components. However, s ince  the  e n t i r e  system i s  operated 
a t  a temperature h ighe r  than ambient, heat w i l l  be t r a n s f e r r e d  from the system 
components t o  the  environment. A t o t a l  of  about 660 Btu /hr  i s  dumped from the  
system under normal o p e r a t i n g  cond i t i ons .  This heat loss  i s  balanced by t h e  
system power use. 
5. M a t e r i a l  Balance 
Overa l l  system m a t e r i a l  balance ove r  the  c y c l e  i s  presented i n  F igu re  2-3. 
The da ta  a r e  g i ven  f o r  a u r i n e  s o l i d s  conten t  o f  5 percent  and a wash water  
s o l i d s  con ten t  o f  0.185 percent.  Water process.ing r a t e  i s  16.35 l b  i n  each 
rec lamat ion  u n i t .  A water recovery e f f i c i e n c y  o f  95 percent  i s  assumed f o r  
t he  u r i n a l  loop, as s p e c i f i e d  by NASA; a 98 percent  recovery e f f i c i e n c y  i s  
es t imated  f o r  t he  wash water  loop. 
AIRESEARCH MANUFACTURING COMPANY 
Los Angels. California 
70-7018, Rev. I 
Page 2-18 
TOTAL RECOVERED WATER 
EXCESS WATER 
TOTAL WATER OUTPUT 
1 
WAS H WATER 1 
0.03 L B  S O L I D S  0.55 L B  S O L I D S  
WATER RECOVERED A T  WATER RECOVERED A T  
16.05 L B  15.53 L B  
L 98% E F F I C I E N C Y  95% E F F I C I E N C Y  7
0.55 L B  I 
-ABLE I 
TOTAL WATER CONSUMPTION 
40.74 L B  
M ETA BO L I C 
+ WATER 
CON DEN SATE 
NONRECOVERABLE 
U R I N E  R I N S E  
NONRECOVERABLE 
0.03 LB S O L I D  VENTED WATER VENTED WATER 
0.30 LB WATER 
NON RE COVE RAB L E  
0.55 LB S O L I D  
0.27 L B  0.27 L B  0.82 L B  WATER * 
BLOWDOWN L I Q U I D  BLOWDOWN L I Q U I D  
0.03 L B  WATER, 0.55 L B  WATER, 
b 
1 I I s-62699 
Figure 2-3 , .  System Water Balance on a D a i l y  Basis 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles. California 
70-70 I 8, Rev. I 
Page 2-19 
System Performance 
I .  Ur ine  C o l l e c t i o n  and Transfer 
The weight  o f  t h i s  subsystem i s  est imated as 38 l b  i n c l u d i n g  the  expend- 
ab le  b a c t e r i c i d e  tank (I I I )  and the  charcoal  charge (104) used f o r  odor c o n t r o l .  
The weight  o f  these expendable items s u f f i c i e n t  f o r  90 days o f  usage i s  e s t i -  
mated as 13.1 l b  and 1.5 l b  respec t i ve l y .  
P e r t i n e n t  performance c h a r a c t e r i s t i c s  a re  l i s t e d  below: 
(a )  Maximum m i c t u r a t i o n  rate,  50 cc/sec 
(b )  Maximum m i c t u r a t i o n  volume, 500 cc 
( c )  Rinse water  f l o w  rate, 30 cc/sec 
( d )  Rinse water  volume, 175 cc /m ic tu ra t i on  
( e )  B a c t e r i c i d e  use rate,  0.0027 l b / m i c t u r a t i o n  
( f )  Phase separator  d ischarge pressure, 5 t o  7 p s i g  
( 9 )  Phase separator  power, 20 wat ts  
( h )  Blower power, 10 wa t t s  
( i )  C o n t r o l l e r  power, 60 wa t t s  max ( i n c l u d i n g  blower and phase separa tor )  
( j )  T o t a l  c y c l e  time, 6 t o  7 minutes i n c l u d i n g  d r y i n g  
The power used by the  u r i n e  c o l l e c t i o n  subsystem i s  i n t e r m i t t e n t .  The 
e n t i r e  c y c l e  i s  c o n t r o l l e d  au tomat i ca l l y .  
2. U r ine  C o l l e c t i o n  and Processing 
As mentioned p r e v i o u s l y  a semi-batch mode o f  ope ra t i on  i s  employed 
whereby the  separator  l e v e l  i s  mainta ined cons tan t  by u r i n e  feed t o  the  l i q u i d  
loop a s  the  b r i n e  concen t ra t i on  increases from 17 t o  25 percent.  When t h e  
concen t ra t i on  reaches 25 percent  u r i n e  feed i s  stopped and the  concen t ra t i on  
i s  a l lowed t o  increase t o  50 percent  as more water  i s  ex t rac ted  from the  b r i n e .  
A t  50 percent, a p o r t i o n  o f  the  b r i n e  i s  dumped and the  separator  i s  r e f i l l e d  
w i t h  u r i ne .  This  c y c l e  i s  i l l u s t r a t e d  i n  F igure  2-4 f o r  system opera t i on  a t  a 
condenser pressure o f  1.5 p s i a  and a u r i n e  s o l i d s  conten t  of  4 percent .  
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Figure, 2 - 4 .  Semi-Batch Operational Sequence 
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The t o t a l  c y c l e  t ime f o r  the  above c o n d i t i o n s  i s  est imated a t  4.25 hours. 
B r ine  dump and separator  f i l l  i s  15 minutes. The average process ing r a t e  over 
the  c y c l e  i s  c a l c u l a t e d  t o  be 1.25 lb /hr ,  which exceeds the  des ign  spec i f i ca -  
t i o n  r a t e  o f  1.0 l b /h r .  Processing r a t e  can e a s i l y  be ad jus ted  by c o n t r o l  o f  
t h e  condenser pressure as discussed p rev ious l y .  Ca lcu la t i ons  show t h a t  t h e  
process ing r a t e  w i l l  va ry  f rom 1.0 t o  1.73 l b /h r  when condenser pressure i s  
increased from 1.0 t o  2.0 ps ia .  
About 75  percent  of t he  water  i s  recovered d u r i n g  the constant  l e v e l  
ope ra t i on  represented by t h e  t ime i n t e r v a l  A-B i n  t h e  p l o t  of F igu re  2-4. 
For the  purpose o f  component des ign a b r i n e  concen t ra t i on  o f  20 percent  was 
se lected.  Component data presented i n  Appendix A were prepared f o r  t h i s  va lue  
of t h e  b r i n e  s o l i d s  conten t .  
F igure  2-5 g ives  system thermodynamic data f o r  des ign p o i n t  opera t ion .  
A d d i t i o n a l  data corresponding t o  o the r  ope ra t i ng  p o i n t s  a r e  presented i n  
Sec t ion  4 .  
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SECTION 3 
COMPONENT DESIGN AND DEVELOPMENT 
INTRODUCTION 
Completion o f  Task A o f  Cont rac t  NAS 9-8460 marked a major mi les tone i n  
t h e  o v e r a l l  development o f  t h e  I n t e r m e d i a t e  Water Recovery System ( I W R S ) .  
Hardware approaches were s e l e c t e d  f o r  t h e  major system components; f i r s t  
genera t ion  breadboard equipment was f a b r i c a t e d  f o r  i n t e g r a t i o n  and t e s t  i n  an 
upgraded p i l o t  p l a n t  developed under a prev ious research program. L i m i t e d  
component t e s t i n g  was performed w i t h  emphasis p laced on compressor development. 
With the  except ion  o f  the  compressor, where major  problems were encountered, 
the b a s i c  component approaches developed proved s a t i s f a c t o r y  a l though f u r t h e r  
development and a n a l y s i s  were found t o  be necessary i n  o r d e r  t o  achieve t h e  
des i red  performance l e v e l s .  
A complete summary of the  Task A achievements under NAS 9-8460 can be 
found i n  AiResearch Report  No. 69-5470, pub l ished a t  t h e  conc lus ion  o f  t h a t  
phase o f  t h e  program. The r e p o r t  a l s o  conta ins  a l i s t  o f  recommendations f o r  
f u t u r e  work. 
I n  general,  the  recommendations f o r  component development and p r e l i m i n a r y  
des ign l i s t e d  i n  r e p o r t  69-5470 were incorpora ted  i n  t h e  phase o f  the  program 
repor ted  here and conducted under NAS 9-8460, Task B, and NAS 9-9981. These 
component-level a c t i v i t i e s  were centered p r i m a r i l y  on the f o l l o w i n g  equipment: 
( a )  Compressor 
( b )  Phase separa tor  
( c )  Heater-condenser 
( d )  C a t a l y t i c  r e a c t o r  
( e )  Level  and concent ra t ion  c o n t r o l  
( f )  P u r i t y  m o n i t o r i n g  equipment, i n c l u d i n g  b a c t e r i a  c o n t r o l  
The compressor, the phase separator,  and t h e  c a t a l y t i c  r e a c t o r  were 
sub jec ted  t o  l i m i t e d  component- level t e s t s  under t h i s  phase o f  the  program. 
The heater-condenser and t h e  l e v e l  and c o n c e n t r a t i o n  c o n t r o l  system were t e s t e d  
o n l y  a t  t h e  i n t e g r a t e d  system l e v e l .  No tes t ing ,  except f o r  a pH sensor and a 
c o n d u c t i v i t y  meter, was performed on t h e  p u r i t y  m o n i t o r i n g  system. 
A l l  equipment was sub jec ted  t o  a n a l y s i s  and p r e l i m i n a r y  des ign s t u d i e s .  
The a n a l y t i c a l  tasks were very c l o s e l y  r e l a t e d  t o  t h e  development t e s t  program 
i n  o r d e r  t o  p r o v i d e  suppor t  and guide t h e  m o d i f i c a t i o n  o f  t h e  breadboard com- 
ponents. I n  a d d i t i o n ,  a n a l y t i c a l  i n v e s t i g a t i o n s  o f  a l l  processes and components 
were conducted, u s i n g  t e s t  data where a v a i l a b l e ,  i n  t h e  p r e p a r a t i o n  of p r e l i m -  
i n a r y  component s p e c i f i c a t i o n s .  These spec i f i ca t i .ons  a r e  presented i n  Appendix 
A o f  t h i s  r e p o r t .  
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Table 3-1 summarizes t h e  recommendations o f  r e p o r t  69-5470, t h e  accomp- 
l ishments of the c u r r e n t  programs, and the recommendations ensuing from t h e  
work performed. No problems o t h e r  than those normal ly  encountered i n  develop- 
ment are 
the IWRS 
0 
0 
0 
0 
0 
0 
0 
foreseen a t - t h i s  t ime. 
i s  as f o l l o w s :  
B r i e f l y ,  the progress on the  components o f  
Compressor des ign and development, which was i d e n t i f i e d  as the  
c r i t i c a l  problem on Task A o f  NAS 9-8460, was s u c c e s s f u l l y  resolved. 
The two-stage v o r t e x  compressor developed was eminent ly  successfu l .  
Phase separator  l i q u i d  entrainment was reduced by a f a c t o r  o f  IO. 
Heater-condenser l i m i t a t i o n s  were diagnosed and des ign c r i t i c a l i t y  
was o b v i a t e d  by t h e  changes i n  the  system c o n t r o l  system. 
A c a t a l y s t  f o r  the  vapor p y r o l y s i s  u n i t  was se lec ted  and run 
s u c c e s s f u l l y .  
A new system c o n t r o l  method u s i n g  the  nuc leon ic  sensor technique 
was evolved, thus r e l i e v i n g  t h e  heater-condenser problem and 
i n c r e a s i n g  t h e  system water  p r o d u c t i o n  r a t e .  
P u r i t y  m o n i t o r i n g  and b a c t e r i a  c o n t r o l  and process requirements and 
equipment a v a i l a b i l i t y  were i n v e s t i g a t e d  and approaches were 
recommended. 
P r e l i m i n a r y  des ign s p e c i f i c a t i o n s  were prepared f o r  a l l  components 
o f  the system. 
A t  t h i s  stage o f  component development, l i t t l e  breadboard work a t  t h e  
component l e v e l  remains, as shown i n  Table 3-1. I t  i s  recommended that ,  as 
a minimum, f l i g h t  c o n f i g u r e d  hardware be developed as a f i r s t  s t e p  toward 
the  design o f  the  f l i g h t  p r o t o t y p e  system. 
The remainder o f  t h i s  s e c t i o n  o f  the  r e p o r t  summarizes the  p r e l i m i n a r y  
design and development a c t i v i t i e s  o f  t h i s  phase o f  the program. A l l  components 
l i s t e d  p r e v i o u s l y  are considered. Component d iscuss ions  inc lude a b r i e f  rev iew 
o f  prev ious work, where appl icable,  t o  i d e n t i f y  t h e  s t a r t i n g  p o i n t  o f ' c o n t r a c t  
NAS 9-8460, Task B, and Cont rac t  NAS 9-9981. The scope o f  the  work performed 
i s  d e l i n e a t e d  and t h e  a c t i v i t i e s  o f  the  c u r r e n t  programs are  described. Con- 
c l u s i o n s  and recommendations f o r  f u t u r e  work are a l s o  g iven f o r  each component. 
I n  general,  t h e  data presented were no t  r e v i s e d  as a r e s u l t  o f  the  system- 
l e v e l  t e s t s  and system analyses performed f o l l o w i n g  t h e  breadboard system t e s t s  
conducted a t  the  end o f  t h e  program. Consequently, minor d iscrepancies e x i s t  
between some o f  the  d e t a i l e d  da ta  presented here and those g iven i n  o t h e r  sec- 
t i o n s .  These d iscrepancies do n o t  a f f e c t  t h e  conclus ions reached as a r e s u l t  
o f  the component- level t e s t s  and analyses. 
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VAPOR COMPRESSOR 
I n t r o d u c t i o n  
I .  Background 
The vapor compressor performs two f u n c t i o n s  i n  t h e  IWRS:  ( I )  i t  prov ides 
t h e  head necessary t o  overcome t h e  pressure drop o f  t h e  vapor loop and ( 2 )  
i t  main ta ins  a condenser pressure adequate t o  assure heater-condenser thermal 
performance. E a r l y  i n  the  program t h i s  component was i d e n t i f i e d  as c r i t i c a l  
because o f  the  very  low s p e c i f i c  speed requirement o f  such a machine. Candidate 
compressor types i d e n t i f i e d  f o r  development under the  IWRS program inc luded 
d i aphragm, rotary-vane, r o t a r y -  lobe, and v o r t e x  compressors. 
A c t i v i t i e s  under Task A o f  Cont rac t  NAS 9-8460 were concentrated on the  
rotary-vane and diaphragm compressors. E a r l y  work concerned the development 
o f  a n o n l u b r i c a t e d  r o t a r y  vane machine. 
housing m a t e r i a l s  and sea l  leakage i n d i c a t e d  t h a t  t h e  development o f  a long- 
l i f e  n o n l u b r i c a t e d  vane compressor should be abandoned i n  f a v o r  o f  o t h e r  types 
o f  machines (see AiResearch Report 69-5470) .  A diaphragm compressor was de- 
s igned and t e s t e d  as an a l t e r n a t e  approach. These two compressor types were 
s e l e c t e d  because o f  t h e i r  h i g h  p o t e n t i a l  e f f e c t i v e n e s s  a t  the  low f l o w  consid-  
ered f o r  the  IWRS. 
Ser ious problems i n v o l v i n g  vane- 
Development o f  the  r o t a r y  vane machine invo lved matching the  vane and 
housing m a t e r i a l s  t o  o b t a i n  h i g h  performance and low wear w i t h o u t  l u b r i c a t i o n .  
Table 3-2 presents  a summary o f  t h e  m a t e r i a l s  tested.  The b e s t  combinat ion 
found was carbon vanes w i t h  a T u f t r i d e  f i n i s h e d  housing. Th is  gave r e l a t i v e l y  
low vane wear; however, carbon powder accumulat ion on the sur face  o f  the  vanes 
and the  housing i n t e r f e r e d  w i t h  f r e e  b lade mot ion i n  the  vane guides and a l s o  
r e s u l t e d  i n  h i g h  vane f r i c t i o n  on t h e  housing. Thus t h e  p o t e n t i a l  h i g h  e f f i -  
c iency  o f  a r o t a r y  vane machine was no t  r e a l i z e d .  O v e r a l l  e f f i c i e n c i e s  on the  
o r d e r  o f  12 percent  were ob ta ined a t  des ign p o i n t .  Probably more s i g n i f i c a n t  
long l i f e  c o u l d  n o t  be achieved. 
TABLE 3-2 
VAPOR COMPRESSOR MATERIALS INVESTIGATION 
Vane 
Mater i a 1 
Carbon 
Carbon 
F 1 uora l o y  
Carbon 
Carbon 
Vespe 1 
Hous i ng Mater i a1 
Cast I r o n  
Copper p l a t e  
0.002 in .  s o f t  chrome 
p l a t i n g  
0.001-in. e l e c t r o l e s s  
n i c k e l  
Cast i r o n / T u f t r i d e  t r e a t e d  
Cast i r o n / T u f t r i d e  t r e a t e d  
Remarks 
Vane wear noted; housing c o r r o s i o n  
Copper p l a t e  excessive wear 
Housing c o r r o s i o n  marg ina l ;  h i g h  
vane f r i c t i o n  
Extremely h i g h  vane wear 
S a t i s f a c t o r y  c o r r o s i o n  res is tance;  
improved vane wear b u t  carbon 
accumulat ion on housing 
Vane f r i c t i o n  ext remely h i g h  
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The diaphragm compressor development e f f o r t  o f  Task A (NAS 9-8460) 
i d e n t i f i e d  many mechanical design problems. These problems inc luded b e a r i n g  
f a i l u r e s ,  v i b r a t i o n ,  noise, diaphragm f a i l u r e s ,  and low performance due t o  
poor v a l v e  des ign and low v o l u m e t r i c  e f f i c i e n c y .  
A t  the  conc lus ion  o f  Task A (NAS 9-8460) ,  compressor development was 
i d e n t i f i e d  as a major problem. F u r t h e r  development o f  the r o t a r y  vane com- 
pressor  was n o t  recommended. Rather i t  was suggested t h a t  a f r e s h  approach 
be considered w i t h  o t h e r  types o f  compressors reconsidered as candidates. 
2 .  Scope o f  Present Program 
F o l l o w i n g  the  recommendations o f  t h e  prev ious program, development o f  the 
r o t a r y  vane compressor was abandoned. E a r l y  i n  the  program, e f f o r t  was expended 
i n  mod i fy ing  t h e  diaphragm compressor. Also, a lobe compressor s u p p l i e d  by 
NASA-MSC was t e s t e d  as a candidate u n i t  type. Concurrent ly,  an o f f - t h e - s h e l f ,  
s ing le-s tage,  v o r t e x  compressor was t e s t e d  t o  assess i t s  a p p l i c a b i l i t y  t o  t h e  
IWRS. As a r e s u l t  o f  these t e s t s  a two-stage u n i t  was designed and f a b r i c a t e d  
f o r  i n s t a l l a t i o n  on the  breadboard system. 
The v o r t e x  compressor work proved t o  be v e r y  f r u i t f u l  and t h i s  type o f  
compressor i s  recommended f o r  t h e  f l i g h t  p r o t o t y p e  system. 
Work assoc ia ted  w i t h  compressor development i s  summarized i n  the  f o l l o w i n g  
paragraphs. 
Diaphragm Compressor Development 
A ske tch  o f  t h e  compressor u n i t  i s  shown i n  F i g u r e  3-1. Two diaphragms 
are d r i v e n  by an e c c e n t r i c  d r ive .  The two compression chambers are  connected 
i n  p a r a l l e l .  The chamber diameter i s  5 in.  and t h e  s t r o k e  o f  the  diaphragm i s  
0.38 i n .  T h i s  u n i t  was designed t o  produce a 2 : l  pressure r a t i o  a t  the  f o l l o w -  
i n g  o p e r a t i n g  c o n d i t i o n s :  
I n l e t  water vapor f low:  4.53 cfm 
I n l e t  pressure:  1.25 p s i a  s a t u r a t e d  
R o t a t i o n a l  speed: 700 rpm 
F i g u r e  3-2 shows the  t e s t  data on t h e  l a t e s t  T e f l o n  diaphragm compressor 
u s i n g  a i r  as the  process gas. The f l o w  r a t e  changes by o n l y  a smal l  amount 
over  a wide range o f  pressure r a t i o  a t  a g iven  speed. With a i r  as t h e  work ing  
f l u i d ,  an i n l e t  a i r  pressure o f  I psia, and a temperature o f  7OoF, an es t imated  
a i r  f l o w  o f  5.57 cfm (1.7 l b / h r )  i s  necessary a t  a 2: l  pressure r a t i o  i n  o r d e r  
t o  meet the above performance requirements w i t h  vapor. R e f e r r i n g  t o  the  1000 
rpm c o n d i t i o n  i n  F i g u r e  3-2,  the f l o w  obta ined was 5.58 cfm. The corresponding 
i n p u t  s h a f t  power was 34.7 wat ts  and the  o v e r a l l  compressor e f f i c i e n c y  was 40.2 
percent.  O f  the  input  s h a f t  power, 17.0 w a t t s  a re  a t t r i b u t e d  t o  b e a r i n g  and 
diaphragm losses. Assuming t h a t  a brushless dc motor i s  used, a motor e f f i c i e n c y  
o f  approx imate ly  65 percent  would be ob ta ined so t h a t  the  t o t a l  i n p u t  power t o  
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t h e  motor i s  est imated a t  53.4 wat ts .  Th is  represents  an o v e r a l l  e f f i c i e n c y  
o f  26.1 percent  f o r  the e n t i r e  u n i t .  R e l a t i n g  t o t a l  power t o  the gas f l o w  
rate,  the u n i t  has a power- to- f low-rate r a t i o  o f  31.2 wat ts / lb -per -h r  o f  gas. 
Three diaphragm m a t e r i a l s  were t e s t i n g  d u r i n g  development: Mylar, Tef lon,  
and rubber. 
T e f l o n  diaphragm c o n f i g u r a t i o n s  were tested, b u t  diaphragm l i f e  was found t o  
be complete ly  inadequate f o r  IWRS a p p l i c a t i o n .  A rubber diaphragm was f a b r i -  
cated and t e s t e d  f o r  over  100 hours. 
The My lar  diaphragm t e s t e d  t o r e  a f t e r  one hour o f  opera t ion .  Two 
Development o f  the  diaphragm compressor was abandoned i n  v iew o f  the 
success ob ta ined w i t h  t h e  v o r t e x  mach.ine. 
Rotary  Lobe Compressor 
A r o t a r y  lobe compressor was f u r n i s h e d  t o  AiResearch by NASA-MSC f o r  
e v a l u a t i o n  as a p o t e n t i a l  condidate f o r  t h e  IWRS.  T h i s  u n i t  was t e s t e d  and 
found t o  have about t w i c e  t h e  c a p a c i t y  r e q u i r e d  by t h e  system. 
Operated a t  1725 rpm, t h e  r o t a r y  lobe compressor produced an a i r  f l o w  o f  
12.1 cfm (3.7 l b / h r )  a t  an i n l e t  pressure o f  I p s i a  and a pressure r a t i o  o f  2. 
F igure  3-3 shows the  performance o f  t h i s  u n i t .  Ad iabat ic  power r e q u i r e d  f o r  
the compression process was 30.2 wat ts .  I t  i s  es t imated  t h a t  approx imate ly  
300 w a t t s  o f  i n p u t  power t o  the motor was necessary t o  d r i v e  the compressor, 
thus g i v i n g  an o v e r a l l  e f f i c i e n c y  o f  about IO percent .  The power-to-gas-f low 
r a t i o  f o r  t h i s  u n i t  i s  81.1 w a t t s / l b  per  h r  o f  gas. The est imated weight  o f  
a f l i g h t  designed compressor o f  t h i s  type i s  IO lb.  
Vor tex  Compressor Development 
Vor tex  compressors a r e  high-speed r o t a t i n g  machines. They accomplish 
compression by i m p a r t i n g  a v e l o c i t y  head t o  the  gas and c o n v e r t i n g  t h a t  
v e l o c i t y  head i n t o  a pressure head. I n  t h i s  respect, v o r t e x  compressors a re  
s i m i l a r  t o  c e n t r i f u g a l  compressors. 
F igure  3-4 shows t h e  major elements o f  a t y p i c a l  v o r t e x  machine. The gas 
pass ing through a v o r t e x  compressor t r a v e l s  around t h e  p e r i p h e r y  o f  the i m p e l l e r  
w i t h i n  a horseshoe-shaped s t a t o r  channel. W i t h i n  t h i s  channel, the gas t r a v e l s  
a long h e l i i a l  s t reaml ines,  the c e n t e r l i n e  o f  the  h e l i x  c o i n c i d i n g  w i t h  t h e  
center  o f  the  curved channel. Th is  f l o w  pat te rn ,  shown i n  F igure  3-5, causes 
the  gas t o  pass through t h e  i m p e l l e r  buckets many t imes w h i l e  i t  i s  t r a v e l i n g  
through the  compressor. As a r e s u l t ,  v o r t e x  compressors can produce d ischarge 
heads up t o  15 t imes those produced by c e n t r i f u g a l  compressors o p e r a t i n g  a t  
equa 1 t i p speeds. 
The high-speed, low- f low performance c h a r a c t e r i s t i c s  o f  v o r t e x  compressors 
are we-11 s u i t e d  t o  a number o f  a p p l i c a t i o n s  where r e c i p r o c a t i n g  compressors, 
r o t a r y  displacement compressors, and low spec i f i c -speed c e n t r i f u g a l  compressors 
are used. The v o r t e x  compressor has a number o f  advantages which lead t o  i t s  
s e l e c t i o n  as a candidate approach wor thy o f  development under the present  
program. These advantages inc lude:  
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( a )  Simp 
( b )  Stab 
( 4  Long 
(d )  Free 
e, r e l i a b l e  des ign ( o n l y  one r o t a t i n g  assembly) 
e, surge- f ree  o p e r a t i o n  f rom f u l l - f l o w  t o  no- f low c o n d i t i o n s  
l i f e  (e.g., 20,000 h r  as l i m i t e d  by bear ing  l i f e )  
om f rom wear p roduc t  and o i l  contaminat ion (no rubbing o r  
l u b r i c a t e d  sur faces are  used) 
( e )  High o p e r a t i n g  e f f i c i e n c i e s  compared t o  v e r y  low s p e c i f i c  speed 
c e n t r  i f ugal  compressors 
A major disadvantage o f  such a machine i s  i t s  r e l a t i v e l y  low a d i a b a t i c  
e f f i c i e n c y ;  however, f o r  an a p p l i c a t i o n  such as the  IURS, equipment l i f e  i s  
more impor tant  than e f f i c i e n c y .  Furthermore, i n  a smal l  compressor ( o f  the 
s i z e  necessary f o r  I W R S  opera t ion) ,  the mechanical losses incur red  can e a s i l y  
o f f s e t  t h e  losses due t o  thermodynamic i n e f f i c i e n c i e s .  I n  t h i s  respect, the  
v o r t e x  machine has a minimum o f  moving p a r t s  and i s  r e l a t i v e l y  f r e e  o f  losses 
o f  mechanical o r i g i n .  
An e x i s t i n g  s ing le -s tage v o r t e x  compressor w i t h  f l o w  c a p a b i l i t i e s  i n  the  
range o f  i n t e r e s t  was t e s t e d  w i t h  a i r  t o  p rov ide  des ign data. F i g u r e  3-6 
shows the  performance of t h i s  s ingle-stage.machine. As shown, the  pressure 
r a t i o  i s  n o t  adequate a t  t h e  des ign f l o w  r a t e  even when r o t a t i o n a l  speed i s  
increased t o  w e l l  above des ign va lue  (23,400 rpm). 
f i r m e d  the accuracy o f  the  design methods a v a i l a b l e  a t  AiResearch f o r  the  
des ign o f  v o r t e x  compressors. 
The da ta  ob ta ined con- 
The two-stage machine designed and f a b r i c a t e d  f o r  i n s t a l l a t i o n  on the 
breadboard water  recovery u n i t  i s  shown i n  F i g u r e  3-7.  The diameter o f  the  
i m p e l l e r  housing i s  5.46 in. ;  i t s  th ickness  i s  1.5 in., exc lud ing  t h e  motor 
and the  b e a r i n g  suppor t .  Th is  u n i t  was f a b r i c a t e d  u s i n g  s t e e l  and Incone l  f o r  
the cas ing  and the  r o t o r  wheels. An e x i s t i n g  ac motor ( t h e  Apo l lo  s u i t  com- 
pressor  motor)  was s e l e c t e d  t o  d r i v e  the  compressor. The wheels are i n s t a l l e d  
on each s i d e  o f  the cas ing  i n t o  which t h e  s t a t o r  channels a re  machined. The 
passage from the f i r s t  t o  the  second stage i s  machined i n  the  s t e e l  casing. 
The e n t i r e  u n i t  i s  s t a t i c a l l y  sealed and the  r o t o r  i s  d r i v e n  through a magnetic 
coup1 i ng. 
F i g u r e  3-8 i s  a p l o t  o f  the performance o f  t h e  u n i t  t e s t e d  w i t h  a i r  as 
t h e  work ing f l u i d .  P r e d i c t e d  performance i s  shown f o r  comparison. The data 
g iven a r e  f o r  a nominal speed o f  21,800 rpm; design compressor speed was 
23,500 rpm. Experience w i t h  s i n g l e - s t a g e  machinery has shown t h a t  p r e d i c t e d  
performance i s  g e n e r a l l y  i n  good agreement w i t h  a c t u a l  t e s t  data. I n  t h i s  
case, the lower a c t u a l  performance i s  a t t r i b u t e d  t o  h i g h  i n l e t  and o u t l e t  
losses and mismatch between the  two stages. These problems cou ld  be reso lved 
by minor redesign o f  the  i n l e t  and o u t l e t  p o r t s  and by changing t h e  shape and 
s i z e  o f  the i m p e l l e r  buckets.  The bucket  blades o f  t h e  machine a r e  r a d i a l - -  
i t  i s  f e l t  t h a t  cons iderab le  improvement i n  e f f i c i e n c y  cou ld  be r e a l i z e d  by 
reshaping the  blades t o  a l l o w  smoother f l o w  t r a n s i t i o n  between the  wheel and 
the  s t a t o r  channel. Th is  change would reduce aerodynamic losses w i t h i n  t h e  
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t h e  compressor considerably because of t h e  increased number of times t h e  
working f lu id  i s  c i rcu la ted  through t h e  impeller buckets (see Figure 3 - 5 ) .  
Additional e f f ic iency  improvements could be  achieved by reducing t h e  f r e e  
volume of t h e  buckets. T h e  volumetric e f f ic iency  of t h e  machine would be  
increased by reducing the quant i ty  of compressed gas entrained w i t h i n  t h e  
buckets from the h i g h  pressure o u t l e t  port t o  the low pressure i n l e t  through 
the s t r i p p e r  area (see Figure 3 - 4 ) .  
Following component-level t e s t i n g  w i t h  a i r ,  the  two-stage vortex com- 
pressor was in s t a l l ed  i n  t h e  breadboard system. Design performance was not 
achieved; t h i s  was an t ic ipa ted  following analysis  of the component level per- 
formance t e s t s  w i t h  a i r .  Preliminary system ca l ib ra t ion  t e s t s  conducted w i t h  
water showed tha t  t h e  design water production r a t e  of I lb/hr could not be  
obtained. System analyses revealed tha t  t h i s  was d u e  t o  
(a) Low hea ter-condenser performance (see hea te  r-condenser deve 1 opment 
discussions presented l a t e r ) .  
(b) Inadequate compressor pressure r a t i o  which fur ther  degraded heater- 
condenser overal l  heat t r ans fe r  capabi 1 i t y  
To accommodate t h e  t e s t  system operational requirements and achieve thermal 
balance a t  the heater-condenser ( w i t h  m i n i m u m  overboard water losses through 
the system pressure regulator) ,  the  compressor design point i n l e t  pressure 
had to be l  about 0.75  psia .  (As w i l l  b e  seen l a t e r  the f l i g h t  system i s  d e -  
s i g n e d  fo r  a compressor i n l e t  pressure of 1.05 psia . )  
ance of the vortex compressor a t  tha t  i n l e t  pressure i s  plot ted i n  F i g u r e  3-9.  
The data a r e  shown fo r  a compressor speed of 23,500 rpm and a design point 
water vapor flow ra t e  of 8 cfm ( I  lb /hr) .  
T h e  predicted perform- 
I n  the system, a t  t h e  design speed of 23,500 rpm, the predicted a n d  
experimental performance of t h e  compressor w i t h  water vapor as t h e  working 
f lu id  were as  shown i n  t h e  following l i s t i n g :  
Water vapor flow, lb/hr 
I n l e t  vapor pressure, psia 
Outlet vapor pressure, psia 
Pressure r a t i o  
Shaft  power, watts 
Predicted Appa rent 
Performance Performance 
I .o 0.48 
0 . 7 5  0.88 
I . 2  I .42 
I .6  I .6 
30.0 69.5 
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The  low performance (estimated from system test data) was a t t r i b u t e d  t o  
t h e  fol  lowing fac tors  : 
(a) The  data of Figure 3-9 was generated for  a casing temperature of 14OoF 
estimated roughly from t h e  compressor losses .  I n  operation, t h e  com- 
pressor casing temperature was measured a t  about 200'F. A t  t h i s  higher 
temperature, t h e  flow capaci ty  of t h e  u n i t  i n  l b / h r  i s  reduced by about 
IO percent. 
(b) T h e  system instrumentation was not designed t o  provide accurate  com- 
ponent data .  W i t h  the compressor i n s t a l l ed  i n  the system vapor flows 
were not measured d i r e c t l y ;  ra ther  t h e  condensate output from t h e  con- 
denser was measured so  tha t  only an average value of t h e  flow could 
be obtained. Furthermore, t h e  pressure a t  t h e  phase separator  o u t l e t  
was assumed t o  b e  the same as tha t  a t  compressor i n l e t .  
(c) T h e  most s ign i f i can t  e r r o r  made i n  es t imat ing compressor performance 
from system t e s t  data i s  tha t  the a i r  leakage in to  the system a t  t h e  
separator  i s  completely ignored. Rough estimates based on system 
pressure b u i l d - u p  revealed that  t h e  a i r  leakage in to  t h e  system a t  
the phase separator  was as h i g h  as 20 percent of the vapor flow. T h i s  
a lone i s  s u f f i c i e n t  t o  explain the low flow ra t e  obtained d u r i n g  the 
sys tem t e s t s  . 
For these reasons t h e  actual performance data l i s t e d  above i s  not representa- 
t i v e  of the t r u e  compressor performance. 
The decision was made t o  increase the s p e e d  of t h e  compressor by increasing 
t h e  frequency and voltage of the ac power i n p u t  t o  t h e  dr iving motor. The  speed 
selected fo r  system operation was 26,400 rpm, a t  which the following apparent 
performance was obtained: 
Water vapor flow, lb/hr 0.768 
Inlet  vapor pressure, psia 0.71 
O u t l e t  vapor pressure, psia  I .so 
Pressure r a t i o  2. I I 
Shaft  power, watts 84.0 
Although t h e  design water production r a t e  of I lb/hr could not be a t t a ined ,  
higher compressor speeds were not attempted because of motor l imi ta t ions .  
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Motor bearing problems were'encountered during the program. The Apollo 
compressor motor used to drive the unit was used at much higher load and temper- 
ature than designed for. The data below shows pertinent motor data in normal 
Apollo use and in IWRS use. 
Apollo Use IWRS Use 
Motor speed, rpm 23,500 26,400 
Input power, watts 85 I45 
Operating temperature, O F  I20  I 9 0  
Also, in Apollo usage considerable air flow is assured around the motor for 
cooling purposes. On the IWRS, some flow was forced through the motor casing; 
however, it is doubtful that this air flow provided any significant bearing 
cooling as evidenced by the temperature listed above. 
Conc 1 us i ons and Recommenda t i ons 
The vortex compressor designed and tested as part of the present program 
was found to be satisfactory although not optimum. Further analysis of the 
test data obtained and, possibly, single-stage testing should yield the reasons 
for the deviation between predicted and actual performance. Adiabatic effici- 
encies as high as 30 percent are within the state-of-the-art for this type of 
compressor and should be achieved with a minimum development program. Higher 
efficiencies could be obtained by suitable design of the fluid flow passages 
within the rotating wheels. The estimated power input to the flight system 
vortex compressor motor is estimated at 80 watts at design point. The flight 
system design point is defined as follows in terms of the pertinent system and 
compressor operating parameters : 
Brine concentration: 20 percent 
Compressor inlet pressure: I .05 psia 
Compressor pressure ratio: 1 - 5 9  
Compressor flow: 7 . 4  cfm 
The average water production rate over the entire semi-batch cycle is estimated 
at 1.29 lb/hr. On this basis specific compressor power is calculated at 62 
watt-hr/lb. 
The vortex compressor offers the prime advantage of long life potential. 
Rotating machines such as the Apollo ECS cabin fans and glycol pumps have 
demonstrated lives on the order of 20,000 hours, AiResearch feels confident 
that a vortex machine can be developed with a life expectancy at least that 
1 ong . 
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I n  v iew o f  t h e  p o t e n t i a l  o f fered by t h i s  type  o f  machine, i t  i s  s t r o n g l y  
recommended t h a t  development o f  t h e  u n i t  be pursued i n  t h e  next  phase o f  t h e  
program. The component-level development program should inc lude:  
( a )  F u r t h e r  t e s t i n g  o f  the e x i s t i n g  u n i t  t o  i d e n t i f y  the major losses 
(b )  Design and t e s t i n g  o f  curved i m p e l l e r  passages o f  reduced volume 
t o  improve e f f i c i e n c y  and f low-pressure r a t i o  c h a r a c t e r i s t i c s  
A s  mentioned prev ious ly ,  the u n i t  f a b r i c a t e d  under the present  program 
was b u i l t  o f  s t a i n l e s s  s t e e l  and Incone l ;  i t  i s  f a r  f rom weight  op t im ized 
i n  terms o f  a f l i g h t  p r o t o t y p e  design. I t  i s  suggested t h a t  a l i g h t w e i g h t  
u n i t  be designed, f a b r i c a t e d ,  and l i f e  t e s t e d  a t  the system l e v e l  i n  the n e x t  
phase o f  t h e  program. I t  i s  impor tant  t o  note here that ,  a l though the s t e e l  
u n i t  i s  adequate t o  demonstrate performance, a n e a r - f l i g h t  c o n f i g u r a t i o n  i s  
necessary t o  develop meaningful  l i f e  data. 
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PHASE SEPARATOR 
I n t r o d u c t i o n  
I .  Background 
I n v e s t i g a t i o n s  performed i n  prev ious phases o f  t h e  IWRS development were 
concerned w i t h  two types o f  i n t e g r a l  l i q u i d  pump-phase separator  des igns:  the  
r o t a r y  vane ( o r  paddle separator)  u n i t  and t h e  r o t a t i n g  drum-p i to t  pump u n i t .  
I n  both designs, t h e  pumping f u n c t i o n  f o r  the  b r i n e  loop i s  accomplished i n  
the separator  i t s e l f  t o  min imize a number o f  system components such as pump, 
motor, and c o n t r o l s .  E a r l y  a n a l y s i s  i n d i c a t e d  t h a t  the  b r i n e  loop pressure 
drop w i l l  be 7 t o  I 1  psi ,  which i s  w i t h i n  t h e  pumping range o f  t h e  separator  
operated a t  h igher  r o t a t i o n a l  speeds than r e q u i r e d  f o r  t h e  normal v a p o r - l i q u i d  
separa t ion  f u n c t i o n .  
Models o f  t h e  two u n i t s  were b u i l t  and tes ted .  The t e s t  da ta  conf i rmed 
a n a l y t i c a l  p r e d i c t i o n s  and the  r o t a r y  d rum-p i to t  pump u n i t  was se lected.  T h i s  
model r e q u i r e d  about 30 w a t t s  o f  s h a f t  power t o  e f f e c t  separa t ion  and produce 
an 8.7 p s i  r i s e  i n  the  l i q u i d  loop a t  des ign p o i n t  f l o w  r a t e .  By comparison, 
the r o t a r y  paddle separator  consumed about 100 wat ts .  Other advantages o f  
the r o t a r y  drum separator  inc lude:  
(a) Higher bas ic  separa t ion  e f f e c t i v e n e s s  
(b) Higher s torage c a p a c i t y  a t  lower power 
( c )  P o t e n t i a l  as a c o n t r o l  l a b l e  1 i q u i d  accumulator 
The breadboard r o t a r y  drum separator  developed i n  the  prev ious  phase o f  
the  program i s  i l l u s t r a t e d  i n  F igure  3-10. O v e r a l l  d iameter i s  7.12 in. and 
cas ing  h e i g h t  i s  5.03 in .  F igure  3-11 shows a photograph o f  the  u n i t  d i s -  
mant led t o  d i s p l a y  a l l  components. The u n i t  c o n s i s t s  o f  a motor d r i v e n  drum 
w i t h i n  an o u t e r  housing. A s h a f t  seal  and a s p r i n g  loaded carbon face seal  
are used t o  prevent  i n t e r n a l  leakage o f  a i r .  The main purpose o f  t h e  o u t e r  
housing i s  t o  support  t h e  r o t a t i n g  drum. I n i t i a l l y  a secondary f u n c t i o n  o f  
the  housing was t o  present  a second s e a l i n g  b a r r i e r  f o r  the  drum i n t e r i o r  f rom 
e x t e r n a l  ambient; however, due t o  numerous m o d i f i c a t i o n s  and c u t o u t s  on t h i s  
housing, t h i s  s e a l i n g  p r o v i s i o n  cou ld  n o t  prevent  leakage o f  ambient a i r  i n t o  
t h e  housing through t h e  s h a f t  so t h a t  o n l y  t h e  r o t a t i n g  carbon f a c e  sea ls  were 
e f f e c t i v e  i n  c o n t r o l l i n g  ambient a i r  leakage i n t o  t h e  u n i t .  
The water-vapor and u r i n e - b r i n e  m i x t u r e  e n t e r s  t h e  separator  through a 
d e l i v e r y  tube pass ing through the  c e n t e r  o f  the  drum. The m i x t u r e  i s  d i r e c t e d  
towards t h e  l i q u i d  sur face  i n  t h e  drum. C e n t r i f u g a l  f o r c e  c rea ted  by t h e  
r o t a t i n g  drum holds t h e  b r i n e  a g a i n s t  t h e  p e r i p h e r a l  sur face  o f  t h e  drum. A 
p i t o t  tube p laced near t h e  drum p e r i p h e r y  removes t h e  h ighes t  v e l o c i t y  l i q u i d  
f rom the  separator  and conver ts  t h e  v e l o c i t y  head o f  the  l i q u i d  i n t o  a pres-  
sure head. Because o f  t h e  low pressure drop i n  the  p i t o t  tube, t h e  pressure 
head i s  n e a r l y  constant  w i t h  f l o w  r a t e .  
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Figure  3-11. Phase Separator Components 
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The water  vapor s w i r l i n g  i n  t h e  cen te r  s e c t i o n  o f  the  drum f lows o u t  o f  
t he  u n i t  through t h e  tube housing, t h e  p i t o t  tube and b r i n e  d e l i v e r y  tube. A 
demistor c o n s i s t i n g  o f  w i r e  spokes arranged i n  a cone around the  vapor o u t l e t  
p o r t s  prevents l i q u i d  ca r ryove r .  (Figure 3-11 shows a c i r c u l a r  b a f f l e  w i t h  
t h e  demis to r .  The breadboard developed i n  Task A o f  NAS 9-8460 d i d  no t  i n c o r -  
po ra te  t h i s  b a f f l e .  The development o f  t h i s  b a f f l e  as p a r t  o f  t h e  present 
program i s  discussed l a t e r . )  
entrainment was observed. The s a l t  depos i t  on t h e  demistor c o u l d  be a t t r i b u t e d  
t o  two sources. ( I )  entrainment d u r i n g  normal o p e r a t i o n - - t h i s  c o n t r i b u t e d  o n l y  
a smal l  p o r t i o n  o f  t h e  t o t a l  deposi t ,  and (2) acc iden ta l  ca r ryove r  due t o  foam- 
i n g  which occur red  when t h e  u r i n e  loop was depressur ized t o o  r a p i d l y  a t  severa l  
occasions d u r i n g  t h e  t e s t  program. Accumulation o f  s o l i d s  i n  the  drum was 
found t o  be n e g l i g i b l e .  
Fo l l ow ing  system t e s t ,  however, evidence o f  
The t e s t  da ta  o f  F igu re  3-12 i s  t y p i c a l  o f  the  r o t a r y  drum separa tor  w i t h  
water and b r i n e  c o n t a i n i n g  44 percent  s o l i d s .  The combined bear ings and seal 
power l o s s  was measured as 13.3 wa t t s  a t  a speed o f  1800 rpm. T o t a l  s h a f t  
power was measured a t  31.2 wa t t s .  Note t h a t  a drum speed o f  about 200 rpm i s  
adequate f o r  phase separa t ion ;  t he  h ighe r  speed i s  necessary o n l y  t o  p rov ide  
the  1 i q u i d  pressure r i s e  des i red .  
2. Scope o f  'Present Proqram 
Separator development under c o n t r a c t  NAS 9-9981 inc luded the  f o l l o w i n g  
t a s k s :  
(a)  Des 
(b) Dem 
dur  
These a c t i v i t  
gn, f a b r i c a t i o n ,  
s to r -ba f  f 1 e deve 
ng normal ope ra t  
es a r e  discussed 
and t e s t i n g , o f  a P l e x i g l a s s  u n i t  
opment t o  assess the  l i q u i d  ca r ryove r  problem 
on and t o  develop adequate s t a r t u p  procedures 
i n  the  f o l l o w i n g  paragraphs. 
P l e x i q l a s s  Separator Development 
A P l e x i g l a s s  separa to r  was f a b r i c a t e d  and i n s t a l l e d  on the  breadboard 
system f o r  t es t ,  as shown i n  F igu re  3-13. The purpose o f  the  t e s t  was t o  pro- 
v i d e  v i s u a l  obse rva t i on  o f  the  spray p a t t e r n s  w i t h i n  the u n i t .  These t e s t s  
demonstrated t h a t  the  con ica l  w i  r e  demistor by i t s e l f  was n o t  adequate t o  pre- 
vent  l i q u i d  car ryover ;  consequently, t he  separa tor  design was m o d i f i e d  t o  
i nco rpo ra te  a b a f f l e  t o  s h i e l d  t h e  demistor f rom t h e  l i q u i d  plume generated by 
the  p i t o t  pump tube. Two b a f f l e  designs were generated f o r  exper imental  eva l -  
u a t i o n  on t h i s  breadboard u n i t .  T e s t i n g  o f  t h e  P l e x i g l a s s  u n i t  was abandoned 
because o f  excessive a i r  leakage w i t h i n  the  u n i t .  T h i s  leakage was of such a 
magnitude as t o  a f f e c t  t h e  f l o w  p a t t e r n  w i th in  t h e  separator. . 
Demis to r -Baf f le  Development 
A spec ia l  t e s t  r i g  was b u i l t  t o  p e r m i t  accura te  e v a l u a t i o n  o f  demistor-  
b a f f l e  designs. The t e s t  u n i t  i s  shown schemat i ca l l y  and p h o t o g r a p h i c a l l y  i n  
F i  gures 3- I4 and 3- 15, respect i ve 1 y. 
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F i g u r e  3-13. P l e x i g l a s s  Phase Separator 
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F i g u r e  3-15. Phase Separator Test  Setup 
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A solut ion of sodium chromate of known concentration i s  c i rculated i n  a 
closed loop by the separator  b e i n g  tested. Heat i s  added to  the solut ion i n  
a constant temperature bath. The 1 i q u i  d i s  then flashed across a valve and the 
mixture of water and vapor t h u s  formed i s  dumped i n  the t e s t  separator.  Vapor 
and  f i n e  l i q u i d  water p a r t i c l e s  entrained w i t h  the vapor a re  routed to  an ice  
bath where the water is  condensed. T h e  ra te  of water evaporation i s  controlled 
by adjusting the bypass around the constant temperature bath. Since only a 
small quantity of sodium chromate solution i s  entrained w i t h  the vapor, t h e  
s a l t  concentration i n  the l i q u i d  loop i s  maintained very nearly constant by 
addition of pure water. 
A t  the concentration maintained i n  the l i q u i d  loop (700 mg Na2Cr207 i n  
2 l i t e r s  of water), the s a l t  solut ion i s  deep red i n  color. 
t ra t ions ,  the color s h i f t s  t o  yellow. Visua l  estimate a t  the concentration is 
possible down to about 500 ppm sodium chromate. Chemical analysis  of the con- 
densate was conducted on a Beckman Spectral Photometer Model DB-2.  T h i s  
A t  lower concen- 
instrument is  capable of measuring Na2Cr207 a t  concentrations down to t h e  ppm 
level. 
Two b a f f l e  configurations were tes ted as shown i n  Figure 3-16. A l l  t e s t s  
were r u n  a t  the following conditions:  
Separator pressure, I .O p s i  a 
Separator speed, 1800 rpm 
L i q u i d  flow, 160 lb/hr 
Vapor flow, 1.0 l b / h r  
Separator 1 i q u i  d content, 410 cc 
The conical baf f le  a n d  the c i r c u l a r  baf f le  displayed s imilar  performance. 
Carryover ra tes  of 0.015 percent were achieved, compared to 0.2 percent w i t h  
the demistor alone and no baff le .  The f l a t  c i r c u l a r  baf f le  was selected 
because i t  provides a larger  vapor-flow area from t h e  bowl to  t h e  vapor o u t l e t  
ports. In case of heavy foaming, the vapor veloci ty  immediately upstream of 
the demistor w i  1 1  be reduced considerably w i t h  t h i s  configuration, t h u s  m i n i -  
mizing the p o s s i b i l i t y  of l i q u i d  entrainment. T h i s  was observed during the 
t e s t s  of t h e  two baf f le  designs, which showed the conical baf f le  u n i t  t o  be 
more s e n s i t i v e  to i n i t i a l  carryover upon s tar tup.  T h i s  problem is  discussed 
be 1 ow. 
A photograph of the demistor-baffle selected f o r  system t e s t  is shown i n  
Figure 3-17, which a l so  shows t h e  vapor i n l e t  and o u t l e t  ports  and the carbon 
face s e a l .  
T e s t i n g  the u n i t  i n  an i n v e r t e d  posit ion w i t h  t h e  vapor port downward 
resulted i n  increased carryover i n  excess of 0.2 percent ( l i m i t  of experimental 
measurement), as expected. 
drum s p e e d  of 2200 rpm. The  h i g h  l e v e l  of entrainment was d u e  t o  gravi ta t ional  
force aiding t h e  drag force on t h e  l i q u i d  droplets,  t h u s  causing t h e  removal of 
a h i g h e r  percentage of entrained l i q u i d  from t h e  separator.  
T h i s  occurred a t  rotat ional  speeds u p  t o  a maximum 
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Figure 3-17. Selected Baffle-Demistor Arrangement 
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V .  I 
General l y ,  entrainment should be reduced a t  higher drum rotational speeds 
d u e  t o  t h e  g rea te r  influence of t h e  centrifugal force f i e l d  acting on t h e  
1 i q u i d  droplet ;  however, t e s t  observations revealed an increase i n  entrainment 
when the drum speed was increased. This is a t t r i b u t e d  t o  an apparent increase 
i n  the energy imparted t o  the spray produced by the submerged p i t o t  tube a t  
higher speeds. On t h i s  basis,  i t  may be desi rable t o  operate a t  lower rota- 
t ional speeds instead of higher speeds a s  o r i g i n a l l y  theorized. 
In normal operation, the brine and water vapor enter  the separator as a 
two-phase mixture. No vapor is  formed from the mass of t h e  l i q u i d  i n  the 
rotat ing drum. Conditions are  very d i f fe ren t  on s t a r t u p  when the l i q u i d  i s  
saturated w i t h  a i r  a t  ambient pressure. Then brine ( o r  water) deaeration i n  
the l i q u i d  loop m u s t  proceed a t  a low ra te  t o  prevent excessive foaming, resu l t -  
i n g  i n  l i q u i d  entrainment. T h i s  problem was encountered i n  the previous devel- 
opment program and  was investigated experimentally on the separator t e s t  rig. 
T h e  following observations were made: 
0 Foaming does not appear t o  be a problem d u r i n g  steady s t a t e  operation 
a t  low separator  pressure 
0 Foaming is  more of a problem when the l i q u i d  loop i s  operated a t  
s e a  level 
L i q u i d  carryover could be minimized by keeping the ra te  of brine 
temperature increase below I O F  per m i n u t e  
S i m i l a r l y  l i q u i d  carryover is  minimized b y  l i m i t i n g  t h e  ra te  a t  
which pressure is  reduced i n  the separator 
0 In the semi batch system operation periodic f i  l l i n g  of t h e  b r i n e  
loop w i t h  f resh urine (following b r i n e  dump) w i l l  occur over a 
I O - m i n u t e  period, furthermore, the urine is introduced i n  the loop 
downstream of t h e  f lash valve . No evidence of ehtrainment d u r i n g  
feed was detected d u r i n g  system t e s t .  
These t e s t s  resulted i n  the development of the following separator  and 
l i q u i d  loop ten ta t ive  s t a r t u p  procedure. 
I .  S t a r t  separator rotat ion 
2 .  F i l l  l i q u i d  loop a t  ambient pressure 
3 .  Reduce pressure over separator a t  maximum r a t e  of I psi/min t o  
the 5 psia level, then a t  the r a t e  of 0.1 p s i / m i n  t o  I psia.  
4 .  Following s t e p  3 ,  increase brine temperature a t  a maximum r a t e  
of I °F /min  t o  100°F t h e n  a t  the r a t e  of 0.5'F/min t o  I IOOF. 
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Separator Capaci ty  
As mentioned prev ious ly ,  the separator  c o n s t i t u t e s  the  1 i q u i d  loop 
accumulator. I n  o rde r  t o  p rov i  de data upon which t o  base the development o f  
the l i q u i d  loop feed and dump con t ro l s ,  separator  maximum- and minimum-level 
t e s t s  were performed. The f o l  low ing  data were obta ined:  
( a )  The minimum separator  l i q u i d  content  t o  p revent  gas ent ra inment  i n  
the  l i q u i d  loop i s  95 cc 
(b )  As an accumulator, the  separator  operated s a t i s f a c t o r i  l y  w i t h  a 
1 i q u i d  conten t  o f  750 cc. 
These data a re  a d i r e c t  f u n c t i o n  o f  the  bowl and p i t o t  tube geometry. Flush- 
i n g  o f  the  l i q u i d  loop and separator  by means o f  t he  p i t o t  pump ( w i t h  vapor 
ent ra inment)  would leave about 50 cc o f  l i q u i d  i n  the  r o t a t i n g  bowl. 
Conclusions and Recommendations 
The breadboard separator  t e s t s  have demonstrated the soundness o f  the 
r o t a t i n g  drum-pi t o t  pump approach. 
o f  magnitude by the  a d d i t i o n  o f  a s imple b a f f l e  and by c o n t r o l l i n g  the  r a t e  
o f  l i q u i d  deaera t ion  upon s ta r tup .  
L i q u i d  car ryover  was reduced by one o rde r  
On the  bas is  o f  the  data ob ta ined the f o l l o w i n g  recommendations a re  made 
w i t h  respect  t o  f u t u r e  development o f  the separator.  
Ent ra inment  f rom the bowl cou ld  be reduced by one o rde r  o f  magnitude 
through redesign o f  the  bowl/demistor/baffle--the d is tance between 
the  b a f f  le/demi s t o r  and the tubes c a r r y i  ng the 1 i qui d would be 
increased and the  b a f f l e  diameter cou ld  be increased s l i g h t l y .  
Changes i n  d e l i v e r y  tube and p i t o t  tube c o n f i g u r a t i o n  should s i g n i f i -  
c a n t l y  reduce the  ent ra inment  by reducing p roduc t i on  l e v e l  o f  spray 
f rom the p i t o t  tube o r  by improving the  d e f l e c t i o n  o f  l i q u i d  d r o p l e t s  
away from the vapor o u t l e t .  
( b )  As mentioned i n  the d iscuss ions o f  the l e v e l  and concen t ra t i on  con- 
t r o l  f o r  t he  IWRS, reshaping o f  the bowl i s  des i rab le  t o  improve. the  
accuracy o f  the dens i t y  c o n t r o l  l e r .  A t t e n t i o n  w i  1 1  be g iven t o  t h i s  
aspect o f  separa tor  design i n  redes ign ing  the  u n i t .  
( c )  The r o t a t i n g  seal  can be e l i m i n a t e d  by d r i v i n g  the bowl through a 
magnet ic coupl ing.  
f rom the r o t a t i n g  bowl cou ld  be exhausted through the  c a v i t y  between 
the  cas ing and the  bowl. I n s u l a t i o n  w i l l  be requ i red  t o  ma in ta in  the  
cas ing  a t  a temperature above the system d i s t i l l a t i o n  temperature so 
t h a t  condensat ion does no t  occur on the  sur face  o f  the casing. C a l -  
c u l a t i o n s  i n d i c a t e  t h a t  the heat losses from the motor d r i v i n g  the 
separa tor  w i  1 1  be adequate t o  make up the  heat  losses from the cas ing  
w i t h  0.5 i n .  o f  i n s u l a t i o n .  
The cas ing w i l l  then be sealed and the vapor 
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( d )  The casing cavi ty  should be u t i l i z e d  t o  assure zero-entrainment from 
t h e  separator unit--vapor from the bowl would be heated on the warmer 
outer  casing a n d  any l i q u i d  entrained w i t h  the vapor would be vapor- 
ized on the surface of the c a s i n g .  Note t h a t  w i t h  an entrainment 
r a t e  from the bowl of 0.0016 percent, only a minute amount o f  s a l t  
w i l l  be deposited on t h e  surface of the casing. I t  i s  estimated tha t  
a negl igible  quantity of s a l t ,  about 0.05 l b  per year, w i l l  accumulate 
i n  the bowl. 
( e )  Elimination of the face sea l  through the use of t h e  magnetic coupling 
w i l l  reduce power usage by  about 20 percent. 
Elimination of the face seal w i l l  reduce a i r  leakage into the system to a 
m i n i m u m .  T h i s  problem has  been very troublesome a n d  has resulted i n  poor com- 
pressor and  heater-condenser performance. In addition to eliminating the leak- 
age problem, the use of t h e  magnetic coup1 i n g  w i  1 1  faci 1 i t a t e  an improvement 
i n  the bearing i n s t a l l a t i o n  which should resu l t  i n  lower f r i c t i o n a l  losses. 
A t  present, t h e  combined bearing and seal loss accounts for  approximately 40 
to  50 percent of the to ta l  i n p u t  s h a f t  power. Design changes should reduce 
t h i s  loss t o  about 20 percent of the to ta l  shaf t  power. 
In conclusion, i t  i s  recommended t h a t  i n  subsequent programs f o r  the 
separator the basic design be retained and e f f o r t s  be concentrated on reducing 
entrainment, el iminating seal ing problems, and reducing mechanical and f r i c t i o n a l  
power loss. 
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H E A T E R - C O N D E N S E R  
In t roduct i on 
I .  Background 
The heater-condenser i s  used to  t r ans fe r  heat from the condensing water 
vapor to  the l i q u i d  brine solut ion.  The heat absorbed b y  the br ine cons is t s  
of ( I )  the l a t en t  heat of vaporization o f  steam a t  the sa tura t ion  pressure 
ex i s t ing  i n  the phase separator  and ( 2 )  the heat of solut ion of the concen- 
t r a t ed  brine.  T h e  heat removed from the vapor e s sen t i a l ly  includes ( I )  the  
heat of condensation which is  s l i g h t l y  less  than the l a t en t  heat of vaporiza- 
t ion because of the higher condensing pressure and ( 2 )  the heat added to  the 
vapor by the compressor and the c a t a l y t i c  reactor.  
The heater-condenser designed and  fabri  cated under T a s k  A of NAS 9-8460 
i s  shown i n  Figures 3-18 and 3-19. T h i s  u n i t  cons is t s  of a s ing le  sp i r a l  tube 
through which the brine i s  c i rculated.  The tube i s  sandwiched between two 
layers of Refrasil  wicks which co l l ec t  the condensate as i t  forms on the outer 
surface of the tube. Screens between the tube and the wicks prevent blockage 
of the vapor passage b y  the wicks. A s in te red  metal p l a t e  adjacent to  one of 
the wicks a c t s  as the g a s  bar r ie r .  Water . i s  pumped through the porous metal 
p l a t e  b y  a cyc l i c  accumulator which maintains a 0.8 p s i  d i f f e ren t i a l  across 
the plate .  Condensate is  t ransferred from t h e  wick not i n  contact w i t h  the 
p l a t e  to  t h e  wick which i s  i n  contact w i th . the  p l a t e  by means of a r e f r a s i l  
s t r i p  a t  the  periphery of the u n i t .  
In operation, the vapor flows i n  a counterflow pat tern through the sp i ra l  
passage formed by the tube. Some cross flow w i l l  take place because of the 
presence of  the screens. Noncondensible gases car r ied  w i t h  the vapor to  the 
heater-condenser a re  exhausted through a discharge tube i n  the center  sect ion 
of the u n i t .  
The u n i t  i s  fabr icated of s t a i n l e s s  s t e e l ;  i t s  dimensions a re  1.625 i n .  
i n  thickness by 13.75 i n .  i n  diameter. The tube i s  13.5 f t  long w i t h  an O . D .  
o f  0.219 i n .  and  an I. D. of 0. I87 i n .  The pi tch of the tube along the s p i  ral 
var ies  to  account for  the drop i n  vapor flow ra t e  as  the condensate forms on 
the u n i t .  
T h i s  heater-condenser was not tes ted  a t  the component level,  b u t  was 
in s t a l l ed  i n  the or ig ina l  breadboard u n i t  f o r  system level tes t ing.  I n i t i a l  
t e s t s  conducted a s  p a r t  o f  Task  A of NAS 9-8460 demonstrated t h a t :  
( a )  The wick-porous p l a t e  design i s  sa t i s f ac to ry  
( b )  The u n i t  heat t r ans fe r  capabi l i ty  i s  l imited by the br ine s ide  heat 
t r ans fe r  coef f ic ien t .  Calculations based on system data indicated 
t h a t  laminar flow e x i s t s  w i t h i n  the tube a t  h i g h  brine concentration; 
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Figure  3- 18. Heater-Condenser 
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F i  gure 3- 19, Heater-Condenser 
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as a r e s u l t ,  t he  r a t e  o f  hea t  t r a n s f e r  was about 1 /3<0f  the  design 
value. Th is  was o f f s e t  on system t e s t  by o p e r a t i n g  the  compressor 
a t  a h ighe r  p ressure  r a t i o  than design value. 
( c )  The b r i n e  tube i s  s u s c e p t i b l e  t o  plugging. Th is  was 
o p e r a t i o n  a t  low v e l o c i t y  i n  the  laminar f l o w  regime 
2. Scope o f ,  Present Programs 
As a r e s u l t  o f  these f i nd ings ,  t he  f o l l o w i n g  tasks  were p 
e f f o r t  t o  develop a s a t i s f a c t o r y  u n i t :  
a t t r i b u t e d  t o  
anned i n  an 
(a )  Ana lys i s  o f  the t e s t  data ob ta ined  i n  the  prev ious  program and i n  
t h e  system l e v e l  t e s t s  o f  NAS 9-9981 (no  component l e v e l  t e s t i n g  was 
p 1 anned) 
( b )  I n c o r p o r a t i o n  o f  m o d i f i c a t i o n s  be fo re  i n s t a l  l a t i o n  i n  the  breadboard 
u n i t  
( c )  Development o f  a p r e l i m i n a r y  design f o r  t he  f l i g h t  p r o t o t y p e  u n i t  
The r e s u l t s  o f  these tasks a re  discussed i n  t h e  f o l l o w i n g  paragraphs. 
The rma 1 Pe r fo  rmance 
A l l  t e s t i n g  o f  t he  heater-condenser was conducted a t  the  system l e v e l .  
These t e s t s  p rov ided  data from which the  thermal performance o f  t he  u n i t  cou ld  
be analyzed. The a n a l y t i c a l  e f f o r t s  were concerned w i t h  ( I )  the  e f f e c t  o f  the  
b r i n e  concen t ra t i on  on t h e  heat t r a n s f e r  c h a r a c t e r i s t i c s  o f  t he  u n i t  and 
( 2 )  the e f f e c t  o f  noncondensi b l e s  on vapor-s i  de performance. 
The heater-condenser was sub jec ted  t o  t h r e e  s e r i e s  o f  system l e v e l  t es ts .  
These t e s t s  were performed i n  J u l y  1969 (under Task A o f  NAS 9-8460), i n  
December 1969, and i n  October 1970. Data ob ta ined  from these t e s t s  a re  sum- 
marized i n  Tab le  3-3. The December 1969 t e s t s  were run  w i t h  d i s t i l l e d  water  
t o  p e r m i t  more accura te  l i q u i d - s i d e  heat t r a n s f e r  p r e d i c t i o n  and, thus, t o  
p rov ide  a b e t t e r  bas i s  f o r  e s t i m a t i o n  o f  t he  vapor-s ide heat  t r a n s f e r  c o e f f i -  
c i e n t .  
1 .  J u l y  I969 Tes t  Resul t s  
Analyses o f  t he  J u l y  I969 t e s t  data revea led  t h a t  the  heater-condenser 
o v e r a l l  UA was about 1/3 t h a t  necessary f o r  system o p e r a t i o n  a t  t he  design 
pressure  r a t i o .  The heater-condenser was o r i g i n a l l y  designed .to meet the  
f o l l o w i n g  s teady -s ta te  o p e r a t i o n  requirements:  
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TABLE 3-3 
H E A T E R - C O N D E N S E R  TEST PERFORMANCE 
Brine Side 
Brine concentration, 
percent 
Flow rate,  lb/hr 
I n l e t  temperature, O F  
Outlet  temperature, O F  
Heat t r a n s f e r  coeffi c ient ,  
h, B u t / h r  OF f t  2 
Vapor Side 
Condensation rate,  1 b/hr 
I n l e t  vapor temperature, 
OF 
Condensing pressure 
(average), p s i  a 
Heat t ransfer  coef f ic ien t ,  
2 
h, Btu/hr O F  f t  
Overall conductance, UA, 
Btu/hr O F  
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7/3 1 /65 
43 
200 
I05  
I09 
304 
0.7 
I 1 6  
I .4 
377 
I 1 8  
12/15/69 
0 
I44 
I07 
I14 
, 1048 
0.963 
I23 
I .  57 
2 89 
I63 
Test Date 
12/16/69 
0 
I47 
I I O  
I19 
I175 
0.983 
I59  
I .76 
31 7 
I79 
I0/5/70 
20 
I33 
IO0 
106.4 
660 
0.75 
I88  
I .22 
398 
154.5 
I0/6/7( 
20 
I 5 5  
103.5 
108.3 
862 
0.67 
205 
I .37 
I 9 6  
103.6 
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( a )  B r i n e  s i d e  
Flow, 157 l b / h r  
Concentrat ion, 50 pe rcen t  s o l i d s  
I n l e t  temperature, 120°F 
Minimum v e l o c i t y ,  2 f t / s e c  
( b )  Water vapor s i d e  
Flow, I l b / h r  nominal 
I n l e t  temperature, 445OF 
Noncondensi b l e  ven t  pressure, 2.5 p s i a  
A t  the  design cond i t i on ,  t h e  o v e r a l l  heat t r a n s f e r  UA was c a l c u l a t e d  t o  
be 310 B tu /h r  OF based on a vapor-s ide heat t r a n s f e r  c o e f f i c i e n t  o f  700 Btu/  
2 2 
h r  O F  f t  and a b r i n e - s i d e  heat  t r a n s f e r  c . o e f f i c i e n t  o f  718 Btu /hr  O F  f t  . 
The vapor-s ide su r face  area o f  0.775 f t  was used f o r  the  heat  t r a n s f e r  area. 
The vapor-s ide c o e f f i c i e n t  was considered t o  be v e r y  conserva t ive  w i t h  s u f f i -  
c i e n t  a1 lowances inc luded  f o r  the'presence o f  noncondensibles and f i l m  b u i l d u p  
w i t h i n  the  vapor s i d e  passage. Note t h a t  a t  design p o i n t  an o v e r a l l  UA o f  
o n l y  146 Btu/hr OF i s  necessary f o r  adequate hea t  t r a n s f e r  performance; t h i s  
i s  about h a l f  the  es t ima ted  UA o f  the u n i t ,  which inc ludes  a 50 pe rcen t  margin 
based on the  a v a i l a b l e  tube heat t r a n s f e r  area. 
2 
Fu r the r  a n a l y s i s  o f  t h e  u n i t  revealed the b r i n e  f l o w  t o  be i n  the  t r a n s i -  
t i o n  reg ion  r a t h e r  than t h e  t u r b u l e n t  reg ion  as o r i g i n a l l y  considered ( a t  t h a t  
time, t h e  b r i n e  concen t ra t i on  i n  the  l i q u i d  loop was c o n t r o l l e d  a t  a va lue  
around 50 percent ) .  As a r e s u l t ,  t he  b r i n e - s i d e  heat t r a n s f e r  c o e f f i c i e n t  
v a r i e s  d r a s t i c a l l y  w i t h  the  concen t ra t i on  o f  t he  b r ine .  F igures  3-20 and 3-21 
show t h i s  e f f e c t  f o r  b r i n e  temperatures o f  125' and IOOOF, r espec t i ve l y .  As 
shown i n  F igu re  3-21, the  b r i n e - s i d e  heat t r a n s f e r  c o e f f i c i e n t  i s  about 304 
Btu /hr  OF f t  Th is  
T h i s  corresponds t o  a vapor-s ide c o e f f i c i e n t  o f  about 377 B tu /h r  OF f t  
t h a t  t e s t  cond i t i on .  T h i s  i s  much lower than t h e  design es t ima te  o f  700 Btu/  
h r  OF f t  ; t h i s  very  low vapor s i d e  performance i s  i n d i c a t i v e  o f  l a r g e  quan t i -  
t i e s  o f  noncondensible gases e n t r a i n e d  i n t o  the  condenser w i t h  the  vapor. 
2 
f o r  t he  cond i t i ons  o f  t h e  J u l y  1969 t e s t  (see Tab le  3-3). 
2 
f o r  
2 
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2 .  December 1969 Test Results 
I n  b rder  t o  g a i n  i n s i g h t  in to  the e f f e c t  of noncondensibles on vapor-side 
heat t ransfer  performance, the December I969 t e s t s  were run  w i t h  d i  s t i  1 led 
water i n  t h e  l i q u i d  loop. A s  expected, t h e  overall  UA of the u n i t  was higher 
primari l y  because of higher 1 i q u i  d s ide performance; however, the performance 
improvement d i d  not meet expectations. Referring t o  Table 3-3,  the calculated 
l i q u i d  s ide coef f ic ien t ,  h ,  i s  higher than 1000 B t u / h r  O F  f t  ; however, the 
vapor-side coef f ic ien t  is on the order of 300 Btu/hr O F  f t  . Here again t h e  
low performance of the u n i t  can be a t t r i b u t e d  only t o  a large noncondensible 
flow ra te  on the vapor s ide  of the tube. 
2 
2 
Fol lowing the December t e s t s ,  the u n i  t was disassembled for  refurbishment. 
Considerable quanti t i e s  of carbon-1 i ke granules were found i n  the vapor pas- 
sages. Although chemical analysis  of these deposits was not conducted, they 
appear t o  have or iginated from the carbon vane compressor used e a r l i e r  i n  the 
program. I t  i s  not f e l t  t h a t  these deposits contributed s igni f icant ly  t o  the 
vapor si de performance deter iorat ion.  
Data a r e  not avai lable  to  estimate the leakage r a t e  of ambient a i r  into 
the system; therefore,  t h e  deleterious e f f e c t  of the a i r  on the vapor-side h e a t  
t ransfer  performance cannot be determined .accurately. Figure 3-22 shows the 
reduction i n  h of condensing water vapor a s  a function of the concentration of 
noncondensible i n  the steam; the p lo t  was prepared u s i n g  data published by 
Rohsenow. The p lo t  shows t h a t  alt'nough the condenser was designed very con- 
servat ively ( w i t h  a 64 percent reduction i n  steam s ide  coeff ic ient  due t o  the 
presence of 2 percent noncondensible), a fur ther  reduction of 50 percent could 
e a s i l y  occur i n  the breadboard system i f  noncondensible concentration were t o  
increase t o  about 5 percent. Experimental evidence of a i r  leakage higher than 
15 percent of the vapor flow through the separator face seal was found during 
the October 1970 t e s t s .  
I t  i s  believed t h a t  the design value of the vapor-side heat t ransfer  coef- 
2 
f i c i e n t  of 700 Btu/hr O F  f t  i s  indeed conservative i f  a i r  leakage into the 
system is adequate1 y checked. A 1 eak-ti g h t  system i s an essenti  a1 requi rement 
f o r  any f l i g h t  system; elimination of the separator face seal should reduce 
the leakage t o  negl igible  values. 
T h e  following conclusions can thus be reached from a n a l y s i s  of the July 
1969 and December 1969 t e s t  d a t a :  
( a )  A s  mentioned previously, the wick p la te  type separator appears s a t i s -  
factory.  
( b )  Air leakage in to  the breadboard system de ter iora tes  the vapor side 
performance of the heat exchanger by  a fac tor  of 2 .  However, i n  a 
f l i g h t  prototype, leakage of noncondensibles into the system w i l l  
be controlled t o  the amount of oxygen necessary t o  assure complete 
oxidation of the t race contaminants i n  the pyrolysis reactor. T h u s  
i t  i s  f e l t  t h a t  the predicted steam s ide  performance of the u n i t  i s  
conservative and  adequate. 
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(c) Thermal performance improvement is  necessary on t h e  b r i n e  s i d e  of 
t h e  u n i t  i f  design performance i s  to  be  met a t  the design compressor 
pressure ra t io .  Assuming tha t  the vapor s ide  coef f ic ien t  of 700 can 
b e  achieved without modification of t h e  u n i t ,  t h e  b r i n e  s i d e  hA 
necessary t o  achieve t h e  performance requi rement, 1 isted previously, 
i s  200 Btu/hr OF; overall  UA requirements was i n i t i a l l y  estimated a t  
146 B t u / h r  OF (see page 3 - 3 9 ) .  
Modifications of the heater-condenser design were considered, involving 
t u b e  length and tube diameter only so a s  not t o  a f f e c t  the design point per- 
formance of o ther  system components (namely, the separator-pump and  the vapor 
compressor). 
given f o r  a brine temperature of 125OF and a so l ids  concentration of 50 percent. 
The resu l t s  of these analyses a r e  tabulated below. The data a re  
Tube ID, i n .  
Tube length, f t  
Brine flow, lb/hr 
Heat t r a n s f e r  area, f t  
Brine si de conductance, hA, 
Btu/hr O F  
2 
Base1 i ne Modi f i  ed Uni t-- 
U n i t  Shorter Tube 
0. I87 0. I87 
13.5 IO. I 
I57 I 7 0  
0.77 0.58 
93 84 
Modi f i ed Uni t-- 
Larger Diameter 
Tube 
0.264 
13.5 
245 
I .04 
I 2 3  
Reducing the tube length resu l t s  i n  an increase i n  brine flow and heat 
t r a n s f e r  coef f ic ien t  through the system. However, s ince the flow i s  l imited 
b y  the separator-pump pressure r i s e  capabi l i ty ,  the overall  e f f e c t  i s  a n e t  
reduction i n  the brine-side heat t r a n s f e r  conductance, hA. Obviously t h i s  
change i s  unacceptable. 
Increasing the tube diameter t o  permit higher brine flow ra te  resu l t s  i n  
an increase i n  bri ne-si de heat t ransfer  conductance. However, the hA improve- 
ment is  not s u f f i c i e n t  to  assure adequate performance a t  50 percent brine con- 
centrat ion and design point operation. In addition, doubling the flow area, 
a s  shown i n  t h e  tabulation, resu l t s  i n  a drop i n  brine veloci ty  from 2.9 t o  
2.3 f t /sec.  This represents an undesirable change, a s  w i l l  b e  discussed la te r .  
Other changes considered involved par t icu lar ly  t h e  separator-pump, t h e  
vapor compressor, and the l i q u i d  loop control system. Some of these changes 
are  l i s t e d  below: 
a Flow ra te  increase through t h e  present u n i t  from 151 lb/hr t o  230 
l b / h r .  T h i s  would require a c i r c u i t  A P  of 13, psia (from 8.3)  so tha t  
separator speed would need to be increased from I800 rpm t o  2600 rpm; 
power usage r i s e s  from 44 t o  87 watts. 
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Increase length of the tube of the present u n i t  from 13.5 to  29 f t  
t o  provide larger  heat t r ans fe r  area a t  t h e  same brine flow rate.  
T h i s  w i l l  r e su l t  i n  a loop pressure drop of 17.8 p s i  (from 8.3 p s i ) .  
Here again, separator  speed m u s t  be increased frohi 1800 rpm to 2800 
rpm w i t h  a power expenditure of 100 watts (from 44 watts) .  
Increase compressor pressure r a t i o  to  obtain higher temperature d i  f -  
ference between the brine a n d  the condensing vapor and t h u s  to  reduce 
the heater-condenser UA requi rement. T h i s  approach is very cos t ly  
i n  terms of power and was rejected a t  the  time of the December 1969 
test .  A t  t h a t  time compressor development was a ser ious problem. 
Later i n  the program a vortex compressor was selected for  the system. 
T h i s  type of compressor is  e s s e n t i a l l y  a low pressure-rat io  machine, 
and increasing pressure r a t i o  t o  a l l e v i a t e  heater-condenser problems 
d id -no t  appear a very promising solut ion espec ia l ly  i n  v iew of the 
f a c t  t h a t  the heater  problem could be resolved by changing the sys- 
tem control system as  explained below. 
Control system change. Up to  t h i s  time the brine concentration was 
control led i n  the l i q u i d  loop a t  about 50 percent, w i t h  e s s e n t i a l l y  
constant-level control i n  the separator.  Operation i n  t h i s  manner- 
unnecessarily penalizes the system because of the boi l ing point e le -  
vation of the brine and a l so  because of performance de ter iora t ion  of 
t h e  heater-condenser a t  h i g h  br ine concentration ( see  Figures 3-20 
and 3-21). A semi batch process was devised whereby the brine is  
dumped a t  50 percent ( t hus  maintaining h i g h  recovery effect iveness)  
while system operation during the major portion of the semi batch 
cycle is  a t  low brine concentration ( t h u s  a t  h i g h  average processing 
r a t e ) .  T h i s  system is described i n  de ta i l  l a t e r .  Generally operation 
is as follows: 
The brine contained i n  the separator  i s  dumped when the concen- 
t r a t i o n  i s  50 percent. The l i q u i d  loop i s  then r e f i l l e d  (from 
225 cc t o  830 cc) ,  t h u s  d i l u t i n g  the brine remaining i n  t h e  loop 
to  a concentration of about 17 percent. 
The 1 i q u i  d level i n  the separator  is  maintained around 83'0 cc 
b y  the addition of waste water to  replace the water vaporized 
from the loop. In t h i s  manner the brine concentration w i l l  
I ncrease. 
When the brine concentration reaches 25 percent, replenishment 
of the l i q u i d  loop i s  stopped u n t i l  the concentration reaches 
50 percent, a t  which time the dump valve opens and the operation 
i s  repeated. 
I t  i s  estimated t h a t  about 4 l b  of w a t e r  w i l l  be evaporated a t  brine 
concentrations between 17 and 25 percent, while only one l b  w i l l  be 
processed between 25 and 50 percent. The averagc processing r a t e  
w i l l  be well above the I lb/hr d e s i g n  value a t  low concentration 
(between 17 and  25 percent); however, due t o  a decrease i n  flow ra t e  
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and i n  water-condenser performance, the  processing r a t e  w i  1 1  drop 
below average va lue  a t  50 percent  concent ra t ion .  Tabulated below 
a r e  p r e l i m i n a r y  data based on f i x e d  evaporator and condenser pres- 
s u r e  which show t h e  e f f e c t  of c o n c e n t r a t i o n  on process ing  ra te .  
B r i  ne Concent ra t ion  B r i n e  Concent ra t ion  
a t  20 pe rcen t  a t  50 pe rcen t  
B r i n e  s i d e  flow, l b / h r  225 I57  
B r i n e  side, h, ( a t  125OF) 
2 
B tu /h r  OF f t  
I300 141 
Water p rocess ing  ra te ,  l b / h r  1.4 0.8 
As a r e s u l t  o f  these i n v e s t i g a t i o n s ,  t he  d e c i s i o n  was made t o  change the  
system c o n t r o l  scheme t o  the  semi ba tch  process descr ibed above. Not o n l y  
does t h i s  c o n t r o l  method reduce t h e  heater-condenser design requirements 
because o f  lower average b r i n e  concent ra t ion ,  i t  a l s o  r e s u l t s  i n  o t h e r  impor- 
t a n t  systems savings by  a l l o w i n g  o p e r a t i o n  a t  a lower compressor p ressure  
r a t i o .  
3. October 1970 Tes t  Resu l ts  
The semi ba tch  mode o f  o p e r a t i o n  was employed i n  the  October 1970 tes ts .  
Fo l l ow ing  t h e  December 1969 tes ts ,  the  condenser was re fu rb i shed  and a new tube 
was i n s t a l l e d  i n  the  u n i t .  Th i s  new tube was s i m i l a r  t o  the  o r i g i n a l ,  b u t  was 
s h o r t e r  i n  l e n g t h  and had smoother i n l e t  and o u t l e t  c o n f i g u r a t i o n s  t o  reduce 
the  p o s s i b i l i t y  o f  p lugg ing .  The new tube was 12 f t  long i n  comparison t o  
13.5 f t  f o r  the  o r i g i n a l  u n i t ,  corresponding t o  a reduc t i on  i n  su r face  area 
from 0.77 f t  t o  0.69 f t  . 2 2 
The r e s u l t s  o f  t h e  October 1970 breadboard t e s t s  a re  g i ven  i n  Table 3-3. 
The October I970 breadboard i nco rpo ra ted  the v o r t e x  compressor. General l y  the 
condenser p ressure  was lower than i n  the  p rev ious  tes ts .  This, together  w i t h  
the  e f f e c t s  o f  noncondensibles on the  vapor -s ide  heat t r a n s f e r  c o e f f i c i e n t ,  
c o n t r i b u t e d  t o  r e l a t i v e l y  low water  p r o d u c t i o n  rates.  
The b r i n e - s i d e  heat t r a n s f e r  c o e f f i c i e n t  i s  n o t  c o n t r o l l i n g  i n  the  cases 
l i s t e d .  Estimates o f  a i r  leakage i n t o  t h e  system were ob ta ined from pressure  
r i s e  data a t  system shutdown. These da ta  i n d i c a t e  t h a t  about 0. I12  l b / h r  o f  
a i r  leaked i n t o  the  l i q u i d  loop and was e n t r a i n e d  w i t h  the  vapor t o  be exhausted 
through the  condenser. A i r  leakage through the  system upstream o f  the  c a t a l y t i c  
r e a c t o r  bed was more than ample f o r  o x i d a t i o n  o f  t h e  water vapor contaminants 
s o  t h a t  no a d d i t i o n a l  oxygen was in t roduced i n  the  t e s t  r i g  f o r  t h i s  purpose. 
This l a r g e  q u a n t i t y  o f  a i r  e a s i l y  exp la ins  the  r e l a t i v e l y  low steam-side heat  
t r a n s f e r  c o e f f i c i e n t s  ob ta ined i n  the  t e s t  (see F igu re  3-22). Examination o f  
the  phase separa tor  a f t e r  comple t ion  o f  t he  system t e s t s  revealed t h a t  t he  
separa tor  f a c e  seal  was bad ly  damaged; t h e  h i g h  a i r  leakage ra tes  (0.0252 scfm) 
cou ld  have occur red  through t h a t  sea l .  
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Tube Foul i n g  
B lock ing  o f  t h e  heater  b r i n e  tube occurred once d u r i n g  t h e  October tes ts ,  
f o l l o w i n g  a system shutdown f o r  the  purpose o f  repai  r i n g  a f a i  l e d  compressor 
motor bear ing.  A t  t h e  t ime o f  t h e  f a i l u r e ,  the  b r i n e  concent ra t ion  i n  t h e  
1 i q u i d  loop was about 40 percent.  
replaced, t h e  phase separa tor  mainta ined f l o w  through t h e  l i q u i d  loop. A f t e r  
compressor r e p a i r ,  when the  system re tu rned t o  normal o p e r a t i n g  condi t ions,  
t h e  b r i n e  temperature i n  t h e  l i q u i d  loop was found t o  have dropped t o  88.5OF 
where i t  remained f o r  severa l  hours. A l though b r i n e  f l o w  r a t e  was n o t  measured 
d u r i n g  t h e  t e s t ,  pressure drop c a l c u l a t i o n s  i n d i c a t e  t h a t  the  v i s c o s i t y  
increase o f  t h e  b r i n e  a t  t h a t  temperature cou ld  r e s u l t  . i n  a r e d u c t i o n  i n  b r i n e  
v e l o c i t y  t o  a va lue o f  about 1.6 f t / sec .  The corresponding Reynolds number i s  
es t imated  a t  1610--well i n t o  the  laminar  region. 
Whi l e  the  compressor motor was be ing  
So l ids  were apparent ly  deposi ted on the  tube w a l l s  d u r i n g  t h a t  low temper- 
a t u r e  p e r i o d  which p e r s i s t e d  f o r  approx imate ly  4 hours. As t h e  s o l i d s  accumu- 
l a t e  i n  t h e  tube, t h e  b r i n e  v e l o c i t y  w i l l  drop f u r t h e r  because o f  t h e  f l a t  
p r e s s u r e - r i s e  c h a r a c t e r i s t i c  o f  t h e  separator-pump (see F igure  3-12 ) .  Thus the  
s o l i d s  accumulated u n t i l  complete blockage occurred. The s o l i d s  were d i s l o g e d  
by i n s e r t i n g  a f l e x i b l e  w i r e  i n t o  t h e  heater-condenser tube: 
Previous s t u d i e s  have i n d i c a t e d  t h a t  .the l i q u i d  v e l o c i t y  should be main- 
t a i n e d  above 2 f t / s e c  t o  p revent  s o l i d s  d e p o s i t i o n  on the  tube w a l l s .  I n  the 
wors t  case cond i t ion ,  w i t h  50 percent  concent ra t ion  and a f l o w  o f  160 lb /hr ,  
t h e  v e l o c i t y  w i l l  normal ly  be 3 f t i s e c .  This  appears t o  be adequate as long 
as the temperature o f  t h e  b r i n e  remains h i g h e r  than about IOOOF. 
Means are  a v a i l a b l e  t o  p revent  such a s i t u a t i o n  f rom occur r ing .  I n  
ac tua l  o p e r a t i o n  a t  low b r i n e  concent ra t ion  the Reynolds number w i  1 1  be much 
higher,  even a t  temperatures on t h e  o r d e r  o f  85OF, so t h a t  adequate f l o w  w i  1 1  
be mainta ined i n  the  tube t o  o b v i a t e  f o u l i n g .  A t  h i g h  b r i n e  concentrat ion,  
t h e  normal 1 i q u i d  temperature w i  1 1  be on the  o r d e r  t o  105OF, thus assur ing  
v e l o c i t i e s  w e l l  above 2 f t / s e c  i n  t h e  c i r c u i t .  I n  the  event o f  a f a i l u r e  i n  
t h e  vapor loop, c i r c u l a t i o n  through t h e  b r i n e  loop cou ld  be mainta ined.  T h i s  
w i l l  r e s u l t  i n  a s low increase i n  b r i n e  temperature t o  a l e v e l  a t  which the  
power expended i n  the  phase separa tor  balances t h e  heat  leak from t h e  l i q u i d  . 
loop components. ( T h i s  increase i n  temperature was measured on t e s t  when com- 
pressor  f a i  l u r e  occurred.)  Fo l low ing  r e p a i r  o f  the  vapor loop, t h e  i s o l a t i o n  
va lve  i n  the  vapor l i n e  between t h e  phase separator  and the  compressor shou ld  
be opened s l o w l y  so as t o  o b v i a t e  r a p i d  t r a n s i e n t s  i n  the l i q u i d  loop causing 
a r a p i d  temperature drop i n  the  br ine .  Th is  was n o t  done d u r i n g  system t e s t s ;  
as a r e s u l t ,  t h e  b r i n e  temperature dropped by about 15OF immediately a f t e r  
opening t h e  i s o l a t i o n  valve.  I t  should be mentioned here t h a t  s low depres- 
s u r i z a t i o n  o f  the l i q u i d  loop i s  t h e  s tandard system s t a r t - u p  procedure t o  
prevent  l i q u i d  car ryover  due t o  foaming i n  t h e  separator,  and t h a t  no a d d i t i o n a l  
requi  rements a re  imposed upon the  system automat ic  c o n t r o l .  
Conclusions and Recommendations 
Previous d iscuss ions have i n d i c a t e d  t h a t  the  des ign o f  the  separa tor  i s  
adequate when the system i s  operated i n  a semi ba tch  c y c l e  whereby most o f  the  
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water is p r o c e s s e d  a t  r e l a t i v e l y  low b r i n e  c o n c e n t r a t i o n .  T h e  low p e r f o r m a n c e  
o b t a i n e d  d u r i n g  s y s t e m  t e s t  i s  due  p r i m a r i l y  t o  l a r g e  q u a n t i t i e s  of a i r  l e a k -  
i n g  i n t o  t h e  s y s t e m ,  r e s u l t i n g  i n  low h e a t  t r a n s f e r  c o e f f i c i e n t  o n  t h e  v a p o r  
s i d e  of t h e  u n i t .  I n  a f l i g h t  p r o t o t y p e  h e a t e r - c o n d e n s e r  i n c o r p o r a t i n g  a 
s t a t i c a l  l y  s e a l e d  p h a s e  s e p a r a t o r ,  s u c h  a p r o b l e m  w i  1 1  n o t  e x i s t .  
T h e  t u b e  f o u l i n g  p r o b l e m  e x p e r i e n c e d  d u r i n g  t h e  5 - d a y  t e s t  r u n  was t r a c e d  
to  low t e m p e r a t u r e  (88°F) o p e r a t i o n  of t h e  b r i n e  l o o p  a t  h i g h  c o n c e n t r a t i o n  
f o l l o w i n g  a f a i l u r e  i n  t h e  v a p o r  l o o p .  A n a l y s i s  of t h e  s e q u e n c e  of e v e n t s  
w h i c h  p r e c e d e d  t u b e  f o u l i n g  r e v e a l s  t h a t  s u c h  a p r o b l e m  c a n  e a s i l y  b e  o b v i a t e d  
b y  s u i  t a b l e  s y s t e m  s t a r t u p  a f t e r  i n t e r r u p t i o n  of norma l  o p e r a t i o n .  An a1 ter-  
n a t e  s o l u t i o n  w o u l d  b e  to  dump t h e  b r i n e  l o o p  t o  t h e  waste t a n k  s h o u l d  a f a i l -  
u r e  o c c u r  i n  t h e  v a p o r  l o o p .  R e f i l l i n g  w i t h  f r e s h  waste w o u l d  a s s u r e  a g a i n s t  
t u b e  f o u l  i ng.  
On t h e  b a s i s  o f  t h e  tes ts  r e p o r t e d  a b o v e  a n d  o f  t h e  a n a l y s e s  c o n d u c t e d ,  
t h e  p r e l i m i n a r y  d e s i g n  of a f l i g h t  p r o t o t y p e  u n i t  was  p e r f o r m e d .  F i g u r e  3 - 2 3  
i s  a s k e t c h  o f  t h e  u n i t .  A c y l i n d r i c a l  c o n f i g u r a t i o n  was d e v e l o p e d  m a i n l y  t o  
r e d u c e  h e a t  l e a k s  a n d  t o  f a c i l i t a t e  p a c k a g i n g .  From a t h e r m a l  s t a n d p o i n t  t h e  
u n i t  is v e r y  s i m i l a r  t o  t h e  b r e a d b o a r d  u n i t .  The  b r i n e  t u b e  is c o i l e d  i n  two 
concentric s p i r a l s .  Tube  l e n g t h  i s  13.5 f t ;  t u b e  d i a m e t e r  i s  0 .21  O D .  O v e r -  
a l l  s i z e  i s  3 - 1 / 2  i n .  i n  d i a m e t e r  b y  5 -1 /2  i n .  i n  h e i g h t .  T h e  u n i t  h e i g h t  i s  
1 i m i  t e d  b y  t h e  w a t e r  t r a n s p o r t  c a p a c i t y  o f  t h e  w i c k s  ( t h i s  i s  t h e  r e a s o n  f o r  
u s i n g  t h e  two c o n c e n t r i c  coi 1s c o n f i g u r a t i o n ) .  
P h a s e  s e p a r a t i o n  i s  e f f e c t e d  by  m e a n s ' o f  a s i n t e r e d  metal p o r o u s  p l a t e .  
A s p o n g e  i s  u s e d  t o  t r a n s p o r t  t h e  c o n d e n s a t e  from t h e  c o l l e c t i o n  w i c k s  to t h e  
s e p a r a t o r  p l a t e .  
No f u r t h e r  work  o n  t h i s  componen t  i s  recommended o t h e r  t h a n  f a b r i c a t i o n  
of t h e  f l i g h t  p r o t o t y p e  u n i t  f o r  s y s t e m - l e v e l  t e s t i n g .  
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B R I N E  B R I N E  
I N L E T  OUTLET 
NONCONDENSIBLES 
WICK R E T A I N I N G  
WICK S T R I P S  
3/16 I N .  T H I C K  
I I N .  WIDE NO NCOND ENS I B L E  
INNER S P I R A L :  I I  TURNS 
OUTER S P I R A L :  10 TURNS 
STAINLESS TUBING 
0.21 I N .  OD 0.010 I N .  WP 
PITCH: 0 42 I N .  
STEEL SHELL 
3-1/2 I N .  D I A  
BY 5- I/2 H I G H  
POROUS PLATE, [ / 4  I N .  
CONDENSATE 
OUT 
F igu re  3-23. F1 i ght P r o t o t y p e  H e a t e r - C o n d e n s e r  
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CAT4 LYTIC REACT OR 
I n t r o d u c t i o n  
I .  Backqround 
The general  g u i d e l i n e s  es tab l i shed a t  the beg inn ing  o f  the I W R S  develop- 
ment program s p e c i f i e d  t h a t :  
(a )  The system should p rov ide  "hands o f f , "  complete ly  automat ic  opera t ion .  
A s  a c o r o l l a r y ,  no f i l t e r s  w e r e  t o  be used i n  the system; thus, the  
requirement f o r  f i l t e r  replacement and the hazards associated w i t h  
such a task  w e r e  e l im ina ted .  
(b )  The system should produce water o f  the h i g h e s t  q u a l i t y ,  f r e e  of  
b a c t e r i a .  Th is  requirement (cons idered together  w i t h  the above) 
r e s u l t e d  i n  the s e l e c t i o n  o f  a c a t a l y t i c  r e a c t o r  f o r  the pos t -  
t reatment  process. 
The f i r s t  phase o f  the  program (Task A o f  NAS 9-8460) was concerned w i t h  
o n l y  a very  minor e f f o r t  on a c a t a l y t i c  reac tor .  A r e a c t o r  was inc luded as 
p a r t  o f  the system; however, r e a c t o r  pressu,re drop was p r o h i b i t i v e  and the u n i t  
was used o n l y  f o r  a s h o r t  run d u r i n g  system-level  t e s t i n g .  
2 .  Scope o f  Present Proqrams 
T h i s  phase o f  the program was concerned w i t h  ( I )  the s e l e c t i o n  o f  a ca ta-  
l y s t  s u i t a b l e  f o r  use on the IWRS and ( 2 )  the des ign of a c a t a l y t i c  r e a c t o r  f o r  
t e s t i n g  on the  breadboard system. These goals were a t t a i n e d  through the per-  
formance o f  the f o l l o w i n g  tasks:  
(a )  Development o f  a c a t a l y s t  t e s t  r i g  
( b )  C a t a l y s t  screening program 
( c )  C a t a l y s t  e v a l u a t i o n  and s e l e c t i o n  
( d )  L i m i t e d  l i f e  t e s t i n g  and r e a c t o r  s i z i n g  
( e )  Reactor t e s t i n g  i n  the breadboard system 
A c t i v i t i e s  r e l a t e d  t o  these tasks a r e  summarized i n  the f o l l o w i n g  paragraphs. 
Exper imental  Apparatus 
The t e s t  r i g  developed f o r  the c a t a l y s t  study i s  shown schemat ica l l y  i n  
F i g u r e  3-24 and p h o t o g r a p h i c a l l y  i n  F i g u r e  3-25. To p e r m i t  r a p i d  screening and 
d i r e c t  comparison o f  r e s u l t s ,  two c a t a l y t i c  u n i t s  w e r e  i n s t a l l e d  i n  p a r a l l e l  
on the t e s t  r i g ,  thus p e r m i t t i n g  simultaneous, comparative, c a t a l y s t  eva lua t ion .  
Water was evaporated from u r i n e  i n t o  a f i v e - l i t e r ,  three-neck f l a s k .  The 
vapor passed through a high-vacuum stopcock ( 3  arms, h o l l o w  plug, 15-mm bore) 
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Figure 3-25. Catalyt ic  Reactor Test  R i g  
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i n t o  a m u l l i t e  tube ( I - i n .  OD, 3/4- in.  I D ,  12-in. heated length)  c o n t a i n i n g  
the c a t a l y s t  under i n v e s t i g a t i o n ;  the tube was loca ted  i n  a furnace. A second 
m u l l i t e  tube (1/4- in .  I D ) ,  p laced w i t h i n  the  f i r s t  one, was used t o  r o u t e  a 
thermocouple ha l fway down the heated l e n g t h  o f  the c a t a l y s t  bed. The vapor 
l e a v i n g  the m u l l i t e  tube was condensed i n  an inner -ou ter  g lass  condenser 
(16- in .  condensing length)  and the condensate was c o l l e c t e d  i n  a jacketed,  
graduated, d i s t i l l a t i o n  r e c e i v e r  f rom which i t  cou ld  be dra ined i n t o  a sample 
f l a s k .  The condensate r e c e i v e r  and condenser were cooled by a r e f r i g e r a t e d  
water -g lyco l  r e c i r c u l a t i o n  u n i t .  
The vacuum t a k e o f f  was loca ted  a t  the  vent  o f  the condenser. Check va lves  
were i n s t a l l e d  i n  the vacuum l i n e s  f rom the  i n d i v i d u a l  condensers t o  the vacuum 
mani fo ld ,  and a s i n g l e  d r y - i c e  t r a p  ( a  I - l i t e r  f l a s k  i n  a s u i t a b l e  dewar) was 
i n s t a l l e d  i n  the vacuum m a n i f o l d  system. A vacuum r e g u l a t o r  mainta ined the 
des i red  d i s t i l l a t i o n  pressure.  
trapped) w e r e  i n s t a l l e d  ahead of a bubbler  i n  the d i s t i l l a t i o n  f l a s k  so tha t ,  
under vacuum cond i t ions ,  a minute a i r  f l o w  (approx imate ly  1.5 cc/min) bubbled 
through the u r i n e  t o  supply the r e q u i r e d  oxygen f o r  contaminant o x i d a t i o n .  
The a i r  f l o w  was measured by t i m i n g  the passage o f  a water drop through a p i p e t  
and was found t o  be e s s e n t i a l l y  constant  d u r i n g  the t e s t  per iod .  
A s e r i e s  o f  g lass  m i c r o c a p i l l a r i e s  ( s u i t a b l y  
U r i n e  Tes t  S o l u t i o n  f o r  Screeninq Tests  
A s y n t h e t i c  u r i n e  approx imat ing the average a n a l y s i s  f o r  human ur ine,  was 
formulated f o r  use i n  the c a t a l y s t  .screening t e s t s .  The s y n t h e t i c  m i x t u r e  
ensured t h a t  data f o r  d i f f e r e n t  c a t a l y s t s  were comparative. I n  a d d i t i o n ,  the  
use o f  the m i x t u r e  made i t  p o s s i b l e  t o  increase the p r o p o r t i o n s  o f  v a r i o u s  
compounds so t h a t  odor and ammonia i n  the d i s t i l l a t e  cou ld  be maximized. To 
ensure t h a t  o d i f e r o u s  compound would be present  i n  the d i s t i l l a t e ,  camphor 
(dl-camphor, s y n t h e t i c )  was inc luded s ince  i t  has a p e n e t r a t i n g  odor i n  t r a c e  
amounts; be ing  i n s o l u b l e  i n  water, i t  a l s o  steam d i s t i l l s  i n  the vapor. 
Ur ine  analyses which were the b a s i s  f o r  the f o r t n u l a t i o n  o f  the s y n t h e t i c  
m i x t u r e  w e r e  ob ta ined f rom the f o l l o w i n g  sources: 
( a )  AiResearch Report  66-14-6 
(b)  Gray, P., "The Encyclopedia o f  B i o l o g i c a l  Sciences," Reinhold 
P u b l i s h i n g  Co., N.Y., 1961, p. 368 
( c )  A1 tman and D i t tmer ,  "B io logy  Data Book", B iophys ics Laboratory,  
Aerospace Medical  D i v i s i o n ,  Wr ight -Pat terson AFB, Dayton, Ohio, 
AMRL-TR-64-100, October 1964, pp 186 f t .  
( d )  Webb,"Bioastronautics Data Book", NASA, Washington D.C., 1964, pp 216 
Compi la t ion o f  data from t h e  l i t e r a t u r e  i n d i c a t e d  t h a t  s y n t h e t i c  u r i n e  
hav ing the composi t ion shown i n  Table 3-4 would most n e a r l y  approximate an 
average u r i n e  composi t ion and would p r o v i d e  the necessary sources o f  odor and 
ammonia. 
one-gram q u a n t i t i e s ,  were thoroughly  blended by b a l l  m i l l i n g .  The o d o r i f e r o u s  
The mixed amino-acids, c o n s i s t i n g  o f  24 amino ac ids  (Tab le  3-5) i n  
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TABLE 3-4 
COMPOSITION OF SYNTHETIC URINE 
CONSTITUENTS 
ORGAN I C  : 
Urea 
Phenol 
Amino Ac ids  (mixed) 
L a c t i c  A c i d  
C i t r i c  A c i d  
C r e a t i n i n e  
U r i c  Ac id  
H i p p u r i c  A c i d  
Odor Compounds ( i n c l u d e s  Camphor 
TOTAL 
I N O R G A N I C :  
Sodium (Na+) 
Ammon i um ( NH4+) 
Po tass i  um ( K+) 
Calcium (Ca++) 
Magnes i um (Mg") 
Ch lo r ide  ( C I - )  
D i hydrogen Phosphate ( H2P04-) 
N i t r a t e  ( NO3-) 
S u l f a t e  ( so4=)  
S u l f i d e  (S=)  
B icarbonate ( HC03-) 
TOTAL 
TOTAL SOLIDS = 53,000 mg/L i te r  
MG/LITER 
25,000 
1,500 
1,500 
1,000 
1,000 
1,000 
1,000 
500 
500 
33,000 
3,600 
1,500 
1,600 
I50 
IO0 
7,000 
2,900 
4 50 
2,400 
80 
I50 
20,000 
REMARKS 
See Table 3-5 
See Table 3-6 
930 mg P 
810 mg S T o t a l s  = 
890 mg 
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TABLE 3-5 
DL AMINO ACIDSi' 
DL Alpha Alanine 
DL Arginine HCL 
DL Asparagine 
DL Aspartic Acid 
DL Ci trull ine 
DL Cystine 
DL Dopa 
DL Ethionine 
DL Glutamic Acid 
DL Histidine HCL 
DL Isoleucine 
DL Leucine 
DL Lysine HCL 
DL Methionine 
DL Norleucine 
DL Norvaline 
DL Ornithine HCL 
DL Phenylalanine 
DL Proline 
DL Threonine 
DL Tryphophane 
DL Tyrosine 
DL Valine 
DL Alpha Amino N Butyric Acid 
*One gram o f  each of  the above were used in the total amino acid mixture. 
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TABLE 3-6 
ODOR COMPOUNDS USED IN SYNTHETIC URINE)' 
INGREDIENT WEIGHT (Grams) 
d l  - Camphor 12.0 
3 - Methyl Indole I .o 
Indole I .o 
2 - Imidazolidin Ethione I .o 
I - Methylimidazole I .o 
ieThe above mixture was dissolved in 75 ml of Methyl Alcohol. 
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compounds (Tab le  3-6), i n c l u d i n g  camphor, were d 
proper  q u a n t i t y  o f  t h i s  s o l u t i o n  was added. A l l  
mixed be fore  use. The u r i c  a c i d  proved t o  be r e  
necessary t o  a d j u s t  the pH t o  n e u t r a l  (6.8) w i t h  
(30 percent)  ammonium hydrox ide s o l u t i o n  f o r  a 6 
were i n  s o l u t i o n .  
sso lved i n  methanol and a 
components were t h o r o u g h t l y  
a t i v e l y  i n s o l u b l e ;  i t  was 
about 15 cc o f  concentrated 
l i t e r  batch a f t e r  a l l  components 
The s y n t h e t i c  u r i n e  was made up t o  an i n i t i a l  s o l i d s  c o n c e n t r a t i o n  o f  
about 53 g / l i t e r .  I t  was n o t  changed d u r i n g  use, a l though odor o r  ammonia 
were added p e r i o d i c a l l y .  The d i s t i l l a t e  was re tu rned t o  the s t i l l  a f t e r  sampl ing 
so t h a t  the c o n c e n t r a t i o n  i n  the s t i l l  probably  d i d  n o t  exceed 100 g / l i t e r  
a t  any t i m e .  The pH remained e s s e n t i a l l y  n e u t r a l  throughout the t e s t  per iod.  
Toward the  end o f  the program, human u r i n e  was s u b s t i t u t e d  f o r  f i n a l  t e s t  
e v a l u a t i o n  o f  the se lec ted  c a t a l y s t .  No d e t e c t a b l e  d i f f e r e n c e s  between the 
s y n t h e t i c  and the a c t u a l  u r i n e  were found i n  the condensed water. 
A n a l y t i c a l  Methods 
Analyses on the condensed water were r e s t r i c t e d  t o  q u a l i t a t i v e  o r  semi- 
q u a n t i t a t i v e  t e s t s  t h a t  cou ld  be performed r a p i d l y  s ince  comparat ive data o n l y  
w e r e  requi red.  A number o f  t e s t  papers s p e c i f i c  f o r  c e r t a i n  ions were ob ta ined 
f rom the Ga l la rd-Sch les inger  Chemical Mfg. 'Corp., Car le  Place, N. Y. The t e s t  
paper most f r e q u e n t l y  used was s p e c i f i c  f o r  ammonia ion, w i t h  a l i m i t  of 
s e n s i t i v i t y  o f  10 mg NH4+ per  l i t e r  (IO ppm). 
cyanide, s u l f i d e ,  halogens, n i t ra t -es ,  and n i t r i t e s  were used on i n f r e q u e n t  
occasions. I n  general,  t e s t s  o f  the  d i s t i l l a t e  w e r e  r e s t r i c t e d  t o  co lo r ,  
c l a r i t y ,  odor, pH ( b y  t e s t  paper). ammonium ion  ( b y  t e s t  paper), and s p e c i f i c  
c o n d u c t i v i t y  (micromho/cm). 
good condensate and l a b o r a t o r y  d i s t i l l e d  water  us ing  these a n a l y t i c a l  techniques. 
Other t e s t  papers s p e c i f i c  f o r  
L i t t l e  o r  no d i f fe rence was detected between a 
C a t a l y s t  Evaluated 
The prec ious  meta l  c a t a l y s t s  t e s t e d  d u r i n g  the program a r e  l i s t e d  i n  
Table 3-7. Some o f  the prec ious  metal c a t a l y s t s  were ob ta ined a l r e a d y  deposi ted 
as a metal on alumina p e l l e t s .  Others, p a r t i c u l a r l y  the oxides, were ob ta ined 
as a powder. 
A c a t a l y s t  c a r r i e r  (mu1 1 i t e  p e l  l e t s ,  1/8-in. cy1 inders,  MMN) was ob ta ined 
f rom the Carborundum Co., Latrobe, Pa. The powders were r o l l e d  o n t o  the p e l l e t s  
and then s ieved t o  remove the excess powder. I n  c e r t a i n  instances, adherence 
o f  the powdered c a t a l y s t  t o  the c a r r i e r  was poor and accurate comparat ive per-  
formance da ta  cou ld  n o t  be obtained. The c a t a l y s t s  ob ta ined as p e l l e t s  were 
t e s t e d  as such; o n l y  the  powdered c a t a l y s t s  were loaded on the  m u l l i t e  p e l l e t s  
f o r  t e s t i n g .  
Ruthenium (0.5 percent  on 1/8-in. a lumina p e l l e t s )  was ,obtained from North 
American Rockwell ,  Downey, C a l i f o r n i a .  T h i s  c a t a l y s t  was used i n  t e s t i n g  a 
General E l e c t r i c  u n i t  a t  Nor th  American Rockwell  and i s  repor ted  t o  be a pro-  
duc t  o f  Engelhard. 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Rev. I 
Page 3-57 
TABLE 3-7 
CANDIDATE PRECIOUS METAL CATALYSTS 
CATALYST DESCRIPTION 
I 
I 
Ruthen i urn 10 .5% on Alumina Pellet 
(From North American, Downey, Calif.) 
Platinum (90%) 
Ruthenium 
Ru then i um 
P 1 at i num 
Platinum Oxide 
Palladium 
Palladium Oxide 
Rhod i um 
Rhodium Sesquioxide 
Iridium Dioxide 
Rhen i um 
Rhod i urn ( 10%) 
80 Mesh Gauge 
0.5% on Alumina Pellets 
5% on Alumina Powder 
0.5% on Alumina Pellets 
Powder 
0.5% on l/8" Alumina Pellets 
Powder (Reg'd grinding) 
5% on Alumina Powder 
Powder 
Powder 
Metal Powder (-200 mesh) 
MF R 
Engel hard 
Engel hard 
ESPI 
ESPI 
ESPI 
ESPI 
ESPI 
ESPI ' 
ESPI 
ESPI 
ESPI 
ESPI 
CATALOG 
NO. 
- 
- 
PGC 325 
PMC 250 
PGC 315 
UPC 207 
PGC 305 
UPC 205 
PMC 240 
K4450B 
K2893C 
K454 I E 
PRICE, 
$/gram 
- 
- 
0.72 
3.50 
0.66 
75.00 
0.45 
5 .40  
7 .75  
30.00 
40.00 
13.00 
NOTES : 
( I )  ESPI = Electronic Space Products Inc, Los Angeles, California 
( 2 )  Blacks o f  Platinum, Palladium, Rhodium, Ruthenium and Iridium 
also were available 
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A l l  p rec ious  meta ls  which cou ld  have been s u i t a b l e  as c a t a l y s t s  were 
evaluated w i t h  the except ion  o f  osmium, which forms a v o l a t i l e  t o x i c  t e t r a -  
oxide. Rhenium, a l though n o t  s t r i c t l y  a p rec ious  metal,  was inc luded;  however, 
very  l i t t l e  da ta  was obta ined.  The rhenium powder would n o t  adhere w e l l  t o  
the c a t a l y s t  c a r r i e r  and the c a t a l y s t  l o a d i n g  was t o o  low t o  be e f f e c t i v e  i n  
o x i d i z i n g  any contaminants. 
Te s t P roced u r e  
No at tempt  was made t o  o p t i m i z e  space v e l o c i t y  o r  o p e r a t i n g  temperature 
d u r i n g  the screening t e s t s .  Condensate f l o w  r a t e s  v a r i e d  between 1.0 t o  2.5 
cc/min w i t h  a c a t a l y s t  bed o f  60 t o  75 grams o f  p e l l e t s  i n  the 3/4- in .  I D  
mu1 1 i t e  tube. 
f o r  each c a t a l y s t .  The d e s i r e d  f l o w  r a t e s  were ob ta ined by a d j u s t i n g  the heat  
inpu t  t o  the  s t i l l  and the condenser pressure i n  o rder  t o  c o n t r o l  the pressure 
drop across the c a t a l y s t  bed. Proper ly  c o n t r o l  led, the s t i  1 1  temperature was 
e s s e n t i a l l y  mainta ined between 115' and 120°F, (46' t o  49'C); a s t i l l  pressure 
between 65 and 80 mm Hg was ob ta ined w i t h  the condenser pressure c o n t r o l l e d  
a t  a nominal va lue o f  50 mm Hg. 
depending on the type o f  c a t a l y s t  c a r r i e r  used and on the vapor f l o w  ra te.  
Boi 1 i n g  temperatures above 12OoF (49'C) were n o t  usual l y  employed. 
Temperatures o f  400', 600', and 8OO0C, were normal ly  i n v e s t i g a t e d  
Test bed pressure drop f l u c t u a t e d  considerably ,  
I n i t i a l  t e s t s  o f  i n d i v i d u a l  c a t a l y s t s  were undertaken u s i n g  the  t e s t  
c a t a l y s t  i n  one furnace and a s i m i l a r  c a t a l y s t  c a r r i e r  ( g e n e r a l l y  1/8-in. 
m u l l i t e  c y l i n d e r s )  o n l y  i n  t h e  second furnace so t h a t  a d i r e c t  comparison 
could be made o f  d i s t i l l a t e  samples w i t h  and w i t h o u t  c a t a l y t i c  p u r i f i c a t i o n .  
F o l l o w i n g  screening o f  the candidate p rec ious  metal  c a t a l y s t s ,  the 
se lec ted  c a t a l y s t  ( rhodium on mu1 1 i t e  p e l  l e t s )  was subjected t o  more ex tens ive  
t e s t i n g  w i t h  ruthenium ( G E  c a t a l y s t )  as the  c o n t r o l  c a t a l y s t .  L i f e  t e s t i n g  
o f  the rhodium c a t a l y s t  on m u l l i t e  was performed w i t h  b o t h  s y n t h e t i c  and human 
u r i n e .  Rhodium was a l s o  t e s t e d  as a m e t a l l i c  p l a t i n g  on s t a i n l e s s  s t e e l  
screen. 
Screening Test  Resu l ts  
A summary o f  the  screening t e s t  da ta  i s  presented i n  Table 3-8. Ruthenium 
(0.5 percent  on 1/8-in. alumina p e l  l e t s )  ob ta ined f rom Nor th  American Rockwell  
was compared w i t h  ruthenium purchased commercial ly.  E s s e n t i a l l y  s i m i l a r  r e s u l t s  
were ob ta ined w i t h  the  except ion t h a t  an uncommonly low pH was ob ta ined w i t h  
the commercial m a t e r i a l  a t  temperatures i n  excess o f  600'C. 
a low pH w i t h  h i g h  temperatures was observed w i t h  o t h e r  c a t a l y s t s  and i s  
b e l i e v e d  to  be due t o  some f a l s e  r e a c t i o n  of the  pH paper r a t h e r  than t o  the 
a c t u a l  a c i d i c  na ture  o f  the water  c o l l e c t e d .  
This  change t o  
Pal lad ium as a metal  (0 .5 percent  on 1/8-in. alumina p e l l e t s )  appeared t o  
be an e x c e l l e n t  c a t a l y t i c a t  a l l  temperatures f rom 400' t o  800'C; i n  add i t ion ,  
i t  i s  the l e a s t  expensive. This  c a t a l y s t  has p r e v i o u s l y  been evaluated fo r  
high-temperature c a t a l y t i c -  burners t o  be used f o r  t r a c e  contaminat ion c o n t r o l  
i n  space cab ins  and has proved e f f e c t i v e  f o r  t h i s  purpose. 
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Rhenium d i d  no t  appear e f fec t i ve ,  b u t  t e s t  r e s u l t s  were inconc lus ive  
due to  i n s u f f i c i e n t  c a t a l y s t  load ing  on the m u l l i t e  p e l l e t s .  I r i d i u m  d i o x i d e  
was an e x c e l l e n t  c a t a l y s t  b u t  pH va lues o f  the condensate ranged f rom 2 t o  5. 
The reason fo r  such a c i d i c  d i s t i l l a t e s  has n o t  been determined. P lat inum- 
rhodium gauze ( 9 0  percent  p l a t i n u m  and IO percent  rhodium on 80 mesh) proved 
o n l y  p a t - t i a l l y  e f f e c t i v e .  Traces o f  odor  and ammonia were found i n  the 
condensate. T h i s  was the c a t a l y s t  employed on the breadboard system developed 
i n  the prev ious  phase o f  I W R S  program. 
The cho ice  was narrowed t o  p a l  fadium, rhodium, and ruthenium. Pal lad ium 
i s  r e a d i l y  a v a i l a b l e  as 0.5 percent  metal  on alumina, i s  r e l a t i v e l y  inexpensive, 
and i s  a l s o  v e r y  s a t i s f a c t o r y .  I t  was considered as an a l t e r n a t e .  A s  expected, 
ruthenium was found t o  be a very  e f f e c t i v e  c a t a l y s t .  Rhodium was a l s o  q u i t e  
e f f e c t i v e ,  bo th  as a metal  and as an ox ide.  I t  was as good as ruthenium i n  
comparat ive t e s t s  and gave s a t i s f a c t o r y  performance w i t h  a very  low c a t a l y s t  
load ing  (35  micrograms/gram). 
Rhodium was se lec ted  f o r  f u r t h e r  e v a l u a t i o n  and f o r  a p p l i c a t i o n  t o  the  
breadboard system. The reasons f o r  the s e l e c t i o n  are r e l a t e d  t o  c a t a l y s t  
f a b r i c a t i o n  and system performance r a t h e r  than c a t a l y s t  a c t i v i t y .  Rhodium i s  
w i d e l y  used commercial ly f o r  p l a t i n g  of components which must be ta rn ish ,  
corros ion,  and abras ion  r e s i s t a n t .  
be p l a t e d  w i t h  rhodium and serve as the  ca ' ta lys t  bed.' 
and pressure drop through the  c a t a l y t i c  u n i t  and thus reduce compressor power 
usage. 
Thus a w i r e  screen ( s t a i n l e s s  s t e e l )  c o u l d  
Th is  could reduce we igh t  
Selected C a t a l y s t  E v a l u a t i o n  
F o l l o w i n g  the screening o f  p rec ious  metal c a t a l y s t s  and the s e l e c t i o n  o f  
rhodium f o r  more ex tens ive  t e s t i n g ,  the comparable ruthenium and rhodium 
c a t a l y s t s  ( 5  percent  metal  on alumina powder dusted on 1/8-in. m u l l  i t e  p e l  le ts ,  
w i t h  e s s e n t i a l l y  equal c a t a l y s t  l o a d i n g  and weight )  w e r e  subjected t o  a seven- 
day comparat ive t e s t .  No d i f f e r e n c e s  cou ld  be detected between the d i s t i l l a t e s  
processed over  the two c a t a l y s t s  w i t h  the  except ion  t h a t  an unexplained b l u e  
t i n t  was found i n  ruthenium d i s t i l l a t e s  toward the end o f  the  t e s t  per iod.  No 
evidence o f  a c i d  c o n d i t i o n  was found (pH values o f  5 t o  6) and no d e t e r i o r a t i o n  
i n  performance occurred. C o n d u c t i v i t y  va lues f o r  the  ruthenium d i s t i l l a t e s  
w e r e  s l i g h t l y  h igher  than those f o r  the comparable rhodium d i s t i l l a t e s .  
T e s t i n g  o f  rhodium cont inued u s i n g  rhodium b l a c k  dusted 'onto m u l l i t e  
pe l  l e t s  (3.32 mg ca ta lys t /g ram of pe l  l e t )  t o  o b t a i n  a more e f f e c t i v e  loading. 
An un t rea ted  c a t a l y s t  bed was used i n  the  p a r a l l e l  furnace t o  o b t a i n  an 
unpyrolyzed reference condensate. I n i t i a l  t e s t s  were w i t h  s y n t h e t i c  u r i n e  f o r  
f i v e  days, and then human u r i n e  was s u b s t i t u t e d .  I t  was thought d e s i r a b l e  t o  
a c t i v a t e  the  rhodium f o r  two hours a t  8OO0C i n  an oxygen atmosphere, a l though 
t h i s  procedure may n o t  be necessary. The rhodium b l a c k  was t e s t e d  f o r  s i x  
days w i t h  human ur ine ,  y i e l d i n g  e s s e n t i a l l y  d i s t i l l e d  water, a f t e r  which t i m e  
t e s t i n g  was cont inued w i t h  the a d d i t i o n a l  requirement t h a t  the c a t a l y s t  be 
kept  i n  a n i t r o g e n  ( i n e r t )  atmosphere when n o t  i s  use so as t o  avo id  p o s s i b l e  
excessive o x i d a t i o n  when c o o l i n g  down a t  n i g h t .  T e s t i n g  cont inued f o r  an 
a d d i t i o n a l  s i x  days w i t h  no d e t e r i o r a t i o n  i n  performance. 
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Rhodium was then plated onto stainless steel gauze (200 mesh; total weight 
of rhodium 0.159 grams). These screens were introduced into the mu1 1 i te test 
tube; uncatalyzed stainless steel gauze was loaded into the para1 le1 furnace 
for comparison. The catalyst was activated in oxygen at 8OO0C for two hours 
before use. Satisfactory operation was maintained for five days. It was 
found that with operating temperatures as l o w  as 3OO0C employed contaminants 
could still be eliminated, although such low temperatures are not recommended 
for the breadboard unit until further test. Uncatalyzed condensate during 
these periods had a very obnoxious odor, high pH values, and gave a positive 
test for ammonium ion indicating that the rhodium was effective for purifi- 
cation. No deterioration of the rhodium-plated screens could be found 
following the five-day test. 
Test data indicate that an oxygen input to the urine still of one std cc 
02/minute/astronaut should suffice to maintain catalytic activity at peak 
performance. The minimum oxygen requirements were not determined. 
B readboa rd Un i t 
Upon satisfactory comp4etion o f  the tests on rhodium-plated stainless 
steel screens, a reactor bed was designed for installation in the breadboard 
system. The bed was sized by scaling the test catalytic reactor, since no 
data were available to optimize bed size on the basis of space velocity and 
operating temperature. 
Figure 3-26 shows a diagram and a photograph of the unit. The unit does 
not include a recuperator. In operation, the entire 2-1/4-in. tube is placed 
in a furnace which maintains the bed temperature at about 800'F. 
section of the tube serves as a preheater for the water vapor/air mixture 
The front 
flow 
ca ta 
resu 
and 
ng through the unit. 
Previous to the accidental flooding of the breadboard system, the 
ytic reactor performance was eminently satisfactory (see system test 
ts). The reactor bed was very effective in oxidizing all contaminants 
n producing water with absolutely no odor. Also, the reactor was equally 
effective in checking bacteria migration from the brine loop into the condenser 
during the entire duration of the tests. 
Upon dismantling the breadboard reactor, examination o f  the screens 
revealed that flaking of the rhodium had occurred due to oxidation of the 
stainless steel carrier. The deterioration of the catalyst screens was limited 
to the area of the cylindrical screen bundle located at the bottom o f  the 
reactor. Corrosion at that location is believed to be due to the effect of 
liquid water left in the reactor for rather long periods (48 hours) after 
sterilization of the entire system with hot water. No catalyst damage is 
anticipated to occur under normal operation at high temperature. 
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Conclusions and Recommendations 
Rhodium has been demonstrated t o  be very  e f f e c t i v e  as a cata 
a b l e  f o r  o x i d i z i n g  t r a c e  contaminants produced i n  a low-temperatu 
d i s t i l l a t i o n  process. More b a s i c  data a r e  r e q u i r e d  t o  permi t  o p t  
o f  the r e a c t o r  i n  o r d e r  to: 
y s t  s u i t -  
e u r i n e  
m i  za t i on 
(a )  
( b )  
Minimize size,  and heater  power requirement o f  the u n i t  
Reduce pressure drop t o  a minimum thus a l l e v i a t i n g  the compressor 
des i gn requ i remen t s  
The data r e q u i r e d  i n v o l v e  c a t a l y s t  t e s t i n g  i n  the e x i s t i n g  r i g  w i t h  the  
m o d i f i c a t i o n s  necessary f o r  c o l l e c t i o n  o f  the  data. The t e s t  program w i l l  be 
aimed a t  e s t a b l i s h i n g  temperature-space v e l o c i t y  r e l a t i o n s h i p s  u s i n g  water 
vapor produced f rom u r i n e  b r i n e s  a t  a temperature IOo  t o  15OF h i g h e r  than 
system d i s t i l l a t i o n  temperatures. These data w i l l  be used w i t h  a p p r o p r i a t e  
s a f e t y  f a c t o r s  t o  des ign the f l i g h t  p r o t o t y p e  u n i t .  
C a t a l y s t  development t e s t s  have shown t h a t  about I s t d  cc 02/min/astronaut 
i s  adequate f o r  contaminant o x i d a t i o n .  
q u a n t i t y  of oxygen, even over  a p e r i o d  o f  a year ( l e s s  than 1.5 lb/year/man), 
so t h a t  o p t i m i z a t i o n  of  t h i s  parameter i s  'not necessary. Note t h a t  the 
q u a n t i t y  of oxygen r e q u i r e d  by the process i n  terms o f  water recovered i s  
about 0.015 percent ;  the e f f e c t  of t h i s  amount o f  noncondensible on condenser 
performance does n o t  appear t o  be s i g n i f i c a n t .  
Th is  represents  o n l y  a v e r y  small  
I n  a d d i t i o n  t o  cata1yst:performance data gather ing,  i t  i s  recommended t h a t  
meta ls  o t h e r  than s t a i n l e s s  s t e e l  be i n v e s t i g a t e d  as a s u i t a b l e  c a r r i e r  f o r  
rhodium p l a t i n g .  A s  mentioned prev ious ly ,  o x i d a t i o n  of the s u b s t r a t e  i s  n o t  
a n t i c i p a t e d  i n  normal o p e r a t i o n  because the phenomenon can o n l y  occur  i f  
l i q u i d  water i s  p resent ;  however, i t  appears safer  t o  s u b s t i t u t e  some o t h e r  
m a t e r i a l  f o r  the s t a i n l e s s  s t e e l  screen. Candidate meta ls  which war ran t  
c o n s i d e r a t i o n  i n c l u d e  gold, go ld  p l a t e d  s t a i n l e s s  s t e e l ,  s i l v e r ,  copper, 
tantalum, and t i t a n i u m ;  o t h e r s  w i l l  be i d e n t i f i e d  and evaluated. J t  i s  
importan't t o  no te  here t h a t  the screen c o n f i g u r a t i o n  i s  very  a t t r a c t i v e  and 
should be r e t a i n e d  f o r  the f l i g h t  p r o t o t y p e  because i t  r e s u l t s  i n  a very  l a r g e  
c a t a l y s t  sur face  and i t  i s  r e a d i l y  amenable t o  low pressure drop design. 
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LEVEL AND CONCENTRATION CONTROL SYSTEM 
I n t r o d u c t i o n  
The l e v e l  and d e n s i t y  c o n t r o l l e r  p rov ides  two f u n c t i o n s  i n  the  IWRS: 
( I )  c o n t r o l  o f  b r i n e  l e v e l  i n  t h e  l i q u i d  loop by a d d i t i o n  o f  waste water and 
( 2 )  removal of s o l i d s  f rom the system by p e r i o d i c  dumping o f  a p o r t i o n  of the  
b r ine .  The s e l e c t i o n  o f  a technique and o f  a system t o  accomplish these 
f u n c t i o n s  was a pr imary  area o f  i n v e s t i g a t i o n  under the  IWRS program. The 
method o f  gaging and c o n t r o l l i n g  the  b r i n e  l e v e l  and concen t ra t i on  has a 
very  s i g n i f i c a n t  e f f e c t  on system e f f i c i e n c y  as w i l l  be shown l a t e r .  There- 
fore, the  e f f o r t  i n  t h i s  t a s k  was o r i e n t e d  toward t h e  development o f  a system 
which ( I  ) minimized the  performance requi  rements o f  o t h e r  system elements, 
n o t a b l y  the  compressor and condenser, and ( 2 )  prov ided  a r e l i a b l e  gaging and 
c o n t r o l  system. 
I .  Backqround 
E a r l y  work on gaging and c o n t r o l  systems f o r  t he  b r i n e  loop e s t a b l i s h e d  
the  requirements f o r  a system which d i d  n o t  p h y s i c a l l y  i n t e r f a c e  w i t h  t h e  
b r i n e  i t s e l f .  T h i s  i s  p r i m a r i l y  because ( I )  t h e  b r i n e  con ta ins  l a r g e  quan- 
t i t i e s  of s o l i d s  i n  suspension; therefore,  secondary measurements, based on 
parameters o t h e r  than densi ty,  a r e  s u b j e c t  to  s i g n i f i c a n t  e r ro rs ,  ( 2 )  t he  
b r i n e  i s  ab ras i ve  and cor ros ive ,  and ( 3 )  any ins t rument  p h y s i c a l l y  l oca ted  i n  
the  b r i n e  w i l l  tend t o  increase the  p o s s i b i l i t y  o f  s o l i d s  depos i t i on .  A f t e r  
a survey o f  a v a i l a b l e  approaches and f e a s i b i l i t y  t e s t i n g  O F  several  cand ida te  
methods, a nuc leon ic  technique was se lec ted  f o r  development under the  IWRS 
program. 
Dur ing  the  Task A o f  NAS 9-8460, a p ro to type  l e v e l  and d e n s i t y  c o n t r o l  
system was f a b r i c a t e d .  T h i s  system was designed t o  ( I )  ma in ta in  t h e  b r i n e  
i n  the  separa tors  a t  a cons tan t  leve l ,  and ( 2 )  p e r i o d i c a l l y  dump b r i n e  a t  o r  
near 50 percent  concen t ra t i on  t o  remove s o l i d s .  E s s e n t i a l l y  the  l e v e l  and 
concen t ra t i on  f u n c t i o n s  were performed independent ly and used the  same 
m o n i t o r i n g  technique. Both systems use low energy r a d i a t i o n  sources 
(Americium 241)  mounted on one s i d e  o f  t he  phase separator;  the  q u a n t i t y  o f  
energy pass ing  through the  l i q u i d  conta ined i n  the separa tor  and sensed by 
Geiger-Muel ler  tubes on the  oppos i te  s i d e  g i ves  a measurement o f  t he  l i q u i d  
dens i t y .  I n  the  case o f  the  l e v e l  c o n t r o l l e r  the  source and the  sensor a r e  
placed a t  an angle t o  the  sur face  o f  t he  l i q u i d  so t h a t  exposure o f  t he  source 
t o  the  d e t e c t o r  increases as the  l e v e l  o f  t he  l . i qu id  drops i n  the  separator.  
F igures  3-27 and 3-28 show the  l o c a t i o n  o f  t he  sources and sensors on t h e  
separator.  
9-8460)  f o r  d e t a i l s  on the  opera t i on  o f  t he  system. 
Reference i s  made t o  AiResearch Report 69-5470 (Task A o f  NAS 
Opera t ion  o f  these c o n t r o l s  i n  the  p rev ious  phase o f  t he  program demon- 
s t r a t e d  t h a t  the  nuc leon ic  technique f o r  l e v e l  and d e n s i t y  c o n t r o l  i n  the  
b r i n e  loop was very  s a t i s f a c t o r y .  E a r l y  t e s t s  o f  t h e  f i r s t  breadboard i n  the  
present phase o f  the  IWRS program conf i rmed these f i n d i n g s .  Dur ing  these 
runs the  l e v e l  c o n t r o l l e r  performed as an t i c ipa ted ;  however, some d i f f i c u l t i e s  
were exper ienced due t o  i n s t a b i l i t y  o f  t he  d e n s i t y  c o n t r o l l e r .  T h i s  was 
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Figure 3-27. Location of Source and Detector on Separator 
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TOP OF SEPARATOR 
F-I2832 
BOTTOM OF SEPARATOR 
F igure  3-28. Detector and Source Placement 
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a t t r i b u t e d  t o  the  e l e c t r o n i c  c i r c u i t r y  r a t h e r  than t o  the  source-sensor 
arrangement o r  the  b a s i c  measurement technique. 
2. Scope o f  the Present Proqrams 
I n i t i a l  work under the  c u r r e n t  c o n t r a c t s  was concerned w i t h  improving 
the  s t a b i l i t y  o f  the  e l e c t r o n i c  c i r c u i t r y  assoc ia ted  w i t h  d e n s i t y  c o n t r o l .  
System and component p r e l i m i n a r y  design s t u d i e s  and t e s t s  revealed e a r l y  i n  
the  c u r r e n t  program t h a t  o p e r a t i o n  a t  cons tan t  l e v e l  and cons tan t  concen- 
t r a t i o n  r e s u l t e d  i n  s i g n i f i c a n t  system and component p e n a l t i e s .  Consequently, 
a semi-batch mode o f  o p e r a t i o n  was devised whereby b o t h  l e v e l  and concen- 
t r a t i o n  were a l lowed t o  va ry  accord ing  t o  a predetermined schedule. T h i s  
i nvo l ved  redesign o f  t he  c o n t r o l  l o g i c  c i r c u i t r y .  These improvements were 
incorpora ted  i n  the  breadboard system and t h i s  t a s k  was completed s a t i s f a c t o r i l y .  
The new c o n t r o l  method i s  b e l i e v e d  t o  c o n s t i t u t e  a s i g n i f i c a n t  improvement i n  
the  o p e r a t i o n  o f  t he  system. D e t a i l s  o f  these a c t i v i t i e s  a r e  presented i n  
the  f o l l o w i n g  paragraphs. 
Cont ro l  System Requi rements 
I n  o rde r  t o  adequately d e f i n e  the  requirements o f  a l e v e l  and d e n s i t y  
c o n t r o l  system, i t  i s  necessary t o  i n v e s t i g a t e  the  process ing  system and 
determine t h e  e f f e c t  o f  t h e  l e v e l  and d e n s i t y  c o n t r o l  parameters on system 
performance. T h i s  i n v e s t i g a t i o n  was conducted, keeping i n  mind the  pr imary  
importance o f  power and heat  r e j e c t i o n  o f  any system designed f o r  use on a 
spacecra f t .  
The two pr imary  power consuming elements o f  t he  system a r e  t h e  phase 
separa tor  and the  compressor, w i t h  the  compressor be ing  the  most important.  
Because o f  t h i s ,  a high-pressure r a t i o  t r a n s l a t e s  i n t o  a l a rge  system power 
pena l ty .  Therefore, t he  l e v e l  and d e n s i t y  c o n t r o l s  should be aimed a t  reducing 
the  requi  red compressor pressure r a t i o .  The compressor pressure r a t i o  neces- 
sary f o r  o p e r a t i o n  i s  composed o f  severa l  elements a s  f o l l o w s :  
( a )  
( b )  
Pressure t o  overcome pressure-drop due t o  f l o w  
Pressure t o  overcome the  temperature d i f f e r e n c e  due t o  b o i  1 i n g  
p o i n t  suppression o f  t h e  b r i n e  as concen t ra t i on  increases 
Pressure t o  overcome t h e  temperature r i s e  o f  t he  b r i n e  loop as 
i t  p i c k s  up heat i n  the  condenser 
Pressure t o  p rov ide  the  temperature d i f f e r e n c e  needed f o r  heat 
t r a n s f e r  i n  the  condenser 
( c )  
( d )  
The f i r s t  f a c t o r  i s  dependent on system parameters which cannot be a f f e c t e d  
by the  c o n t r o l s .  The o t h e r  elements are, however, d i r e c t l y  r e l a t e d  t o  the  
method o f  c o n t r o l .  
The IWRS w i l l  be operated w i t h  the  condenser pressure normal ly  ma in ta ined 
a t  a cons tan t  l e v e l  w i t h  a vacuum r e g u l a t o r .  Th i s  parameter w i l l  be used i n  
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t h e  f l i g h t  system t o  c o n t r o l  the average water process ing ra te .  Since con- 
denser pressure i s  constant, any change which a f f e c t s  the  pressure r a t i o  from 
the  separator  t o  the condenser w i l l  r e s u l t  i n  a change i n  the  pressure of  the  
phase separator  vapor c a v i t y .  Therefore, each o f  the  aforement ioned f a c t o r s  
can be d iscussed i n  terms o f  t h e i r  e f f e c t  on separator  pressure.  
The pressure r i s e  necessary t o  overcome b o i l i n g  p o i n t  suppression as the  
b r i n e  concen t ra t i on  increases i s  p l o t t e d  i n  F igu re  3-29.  A s  shown, ope ra t i on  
a t  50 percent  concen t ra t i on  r e s u l t s  i n  a s i g n i f i c a n t  reduc t ion  i n  separa tor  
pressure, and thus an increase i s  requ i red  i n  pressure r a t i o  by comparison 
w i t h  operat  i on  a t  lower concent ra t ions  (assuming constant  water process ing 
r a t e ) .  
As the  b r i n e  f l ows  through the  condenser, i t  i s  heated by the condensing 
water;  the  temperature r i s e  o f  the  b r i n e  i n  the  condenser i s  s i g n i f i c a n t .  
Since the  vapor i n  the  condenser i s  c o n t r o l l e d  a t  a constant  pressure, the  
heat t r a n s f e r  process i n  the  heater-condenser i s  bound by the  constant  tem- 
pera ture ,  o f  t he  condensing water. A t  h i g h  concentrat ion,  the  heat capac i t y  
o f  the b r i n e  i s  reduced due t o  reduced f l o w  (caused by increase i n  v i s c o s i t y )  
and reduced s p e c i f i c  heat  capac i ty .  Thus, a t  h i g h  concentrat ions,  the b r i n e  
must be sub jec ted  t o  a h ighe r  change i n  temperature i n  the  condenser f o r  a 
g iven water process ing ra te .  Th is  e f f e c t  i s  i l l u s t r a t e d  i n  F igure  3-30, 
showing b r i n e  temperature change requ i red  f o r  I .O l b / h r  water process ing r a t e  
vs concent ra t ion .  
The p l o t  was prepared f o r  a constant  b r i n e  f l o w  o f  157 l b / h r  and o n l y  
r e f l e c t s  the  drop i n  b r i n e  s p e c i f i c  heat as concen t ra t i on  increases. The 
e f f e c t  o f  t h i s  temperature r i s e  can be r e a l i z e d  by reference t o  F igu re  3-29, 
showing the  change i n  separator  pressure corresponding t o  a g iven change i n  
tempe ra t ure. 
The heat t r a n s f e r  process i n  the  heat  exchanger i s  a lmost t o t a l l y  
governed by t h e  b r i n e  heat  t r a n s f e r  c o e f f i c i e n t .  
o f  concen t ra t i on  on t h i s  c o e f f i c i e n t  f o r  the  breadboard heat  exchanger. A 
c o e f f i c i e n t  o f  150 Btu/hr  OF f t  
l l ° F  between the  condensing vapor and the  average b r i n e  temperature f o r  a 
I l b / h r  recovery ra te .  T h i s  h i g h  temperature d i f f e r e n c e  a t  h i g h  b r i n e  concen- 
t r a t i o n  a l s o  r e s u l t s  i n  a lower ing  o f  t he  separator  pressure and an increase 
i n  requ i red  pressure r a t i o  a t  h igh  b r i n e  concent ra t ions .  
F igu re  3-20 shows the  e f f e c t  
2 necess i ta tes  a d i f f e r e n c e  o f  approx imate ly  
The th ree  e f f e c t s  descr ibed above, a r e  summarized i n  Table 3-9,  showing 
the  t o t a l  pressure r a t i o  requirement o f  t he  breadboard system a t  20 percent  
and 50 percent  concent ra t ions .  The c o n t r i b u t i o n  t o  t h i s  t o t a l  f rom each o f  
the  above sources i s  shown i n  terms o f  temperature d i f f e rences .  
The data o f  Table 3 - 9  assumes a cons tan t  b r i n e  f l o w  r a t e  o f  157 I b / h r  
i n  bo th  cases. A t  h i g h  b r i n e  concen t ra t i on  the l i q u i d  loop pressure drop w i l l  
increase cons iderab ly  because o f  v i s c o s i t y  increase. Th is  w i l l  r e q u i r e  t h a t  
the  system separa tor  speed be increased from 1800 rpm a t  20 percent  t o  3000 
rpm a t  50 percent .  The ne t  e f f e c t  i s  an increase i n  separator  power o f  about 
60 wa t t s  and a l s o  a severe l i q u i d  ent ra inment  problem a t  the  separat,or. 
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TABLE 3-9 
EFFECT OF BRINE CONCENTRATION ON 
COMPRESSOR PRESSURE RATIO 
~~ 
Pa ramet e r 
Water process ing rate, l b / h r  
B r ine  f l o w  rate,  l b / h r  
T o t a l  pressure r a t  i o  
S a t u r a t i o n  Temperature 
i n  condenser 
AT f o r  heat  t r a n s f e r  
B r ine  temperature r i s e  
Sepa ra t o r  temperature 
Sepa ra t o r  pressure 
Vapor pressure o f  water 
a t  separator  temperature 
20 Percent S o l i d s  
I .o 
I57 
I .64 
116OF 
6OF 
7OF 
I03OF 
0.977 ps ia  
I .04 
50 Percent Sol i d s  
I .o 
I57 
51 
6OF 
OF 
10°F 
95OF 
0.638 ps ia  
0.84 I 
Preceding d iscuss ions have demonstrated t h e  d e s i r a b i l i t y  of opera t i ng  
the  system a t  low concent ra t ion .  However, h i g h  water  recovery e f f e c t i v e n e s s  
requ i res  t h a t  b r i n e  dump occur a t  h i g h  concent ra t ion .  Th is  apparent cont ra -  
d i c t i o n  i n  requirements can be reso lved by opera t i on  o f  the  l eve l  and concen- 
t r a t i o n  c o n t r o l s  i n  a semi-bath manner as i l l u s t r a t e d  i n  F igure  3-31. 
Computer analyses were conducted t o  es t imate  system performance a t  17, 
25 and 50 percent  concent ra t ion .  L inear  i n t e r p o l a t i o n  was used i n  the  p l o t  
o f  F igure  3-31. The average water p roduc t i on  r a t e  over  the  e n t i r e  4.25 h r  
c y c l e  i s  es t imated  t o  be 1.29 l b /h r  which exceeds s l i g h t l y  the  s p e c i f i c a t i o n  
requirements.  I f  the  system were t o  be operated a t  constant  l e v e l  and con- 
s t a n t  concen t ra t i on  (50 percent )  the  water  p roduc t i on  r a t e  would be o n l y  
0.84 l b / h r  as shown i n  F igure  3-31. 
I n i t i a l l y  the l i q u i d  loop w i l l  be f i l l e d  w i t h  u r ine ;  as vapor i s  drawn 
from the  loop concen t ra t i on  w i l l  increase s ince  the  l i q u i d  content  o f  t he  
loop w i l l  be mainta ined constant  by a d d i t i o n  o f  u r i ne .  C y c l i c  r e p e t i t i v e  
semi-batch opera t i on  w i l l  s t a r t  when t h e  concen t ra t i on  o f  the  b r i n e  reaches 
17 percent .  The sequence o f  events i s  as f o l l o w s  (see F igure  3-31): 
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A: L i q u i d  l e v e l  i n  loop: 830 cc 
B r ine  concent ra t ion :  17 percent  
Processing r a t e :  I .4 l  l b / h r  
Compressor pressure r a t  io: I .57 
B r ine  f l o w  r a t e :  201.3 l b / h r  
A-B: L i q u i d  l e v e l  i s  mainta ined a t  830 cc by a d d i t i o n  o f  u r i n e  
Processing r a t e  drops as concen t ra t i on  increases 
Compressor pressure r a t i o  increases 
4.13 l b  o f  water processed i n  3.01 h r  as concen t ra t i on  
increases from 17 t o  25 percent  
B: L i q u i d  l e v e l  i n  separa tor :  830 cc 
B r ine  concen t ra t i on :  25 percent  
Processing r a t e :  I .33 l b / h r  
Compressor pressure r a t  i o :  I .62 
B r ine  f l o w  r a t e :  201.8 l b / h r  
B-C: Ur ine  feed va lve  i s  c losed d u r i n g  t h i s  p e r i o d  
Level drops as water  i s  evaporated and concen t ra t i on  increases 
Compressor pressure r a t  i o  increases sharp ly  
1.01 l b  o f  water processed as concen t ra t i on  increases t o  
50 percent  
C :  L i q u i d  l e v e l  i n  separa tor :  370 cc 
B r ine  concen t ra t i on :  50 percent  
Processing ra te :  0.84 I b /h r  
Compressor pressure r a t i o :  2.07 
B r ine  f l o w  ra te :  178.1 l b / h r  
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C-D : Dump va lve  opens and b r i n e  is discharged from the loop 
Dump pe r iod :  5 min 
D :  Dump va lve  c loses  
L i q u i d  l e v e l  i n  separator :  . 225 cc 
B r ine  concen t ra t i on :  50 percent  
Processing ra te :  0.84 l b / h r  
Compressor pressure r a t  i o :  2.075 
Br ine  f l o w  r a t e :  178.1 I b /h r  
D-A : Feed va lve  opens t o  r a i s e  the separator  l e v e l  t o  750 cc 
Feed pe r iod :  I O  min 
A :  Operat ion s t a r t s  aga in  
Accuracy Considerat ions 
To achieve the  c o n t r o l  funct.ions descr ibed above, the  sensors must pro-  
v ide  the l o g i c  system w i t h  the  c o r r e c t  count r a t e  corresponding t o  the  sw i t ch  
p o i n t s  o f  t he  opera t i ona l  sequence. The gamma rays f rom the  source pass 
through severa l  m e t a l l i c  i n t e r f a c e s  as w e l l  as the  f l u i d  before reaching the  
sensor. An adequate count i n t e r v a l  must be prov ided t o  achieve the  requ i red  
accuracy. The abso rp t i on  o f  gamma rays can be represented by 
-CPpx I = IO ( e )  
where I = beam i n t e n s i t y  a t  counter  
I o  = beam i n t e n s i t y  a t  source 
p = m a t e r i a l  d e n s i t y  
x = m a t e r i a l  th ickness  
p = m a t e r i a l  mass abso rp t i on  c o e f f i c i e n t  
c = summation Over a l l  the  elements between the  source and the  
sensor. Since a l l  o f  t he  elements o f  t he  system a r e  f i x e d  as 
the  pr ime d e n s i t y  changes except the  b r i n e  i t s e l f ,  t h i s  y i e l d s  
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where C = constant 
B : subscript referring to the brine 
If Io  is defined to be the intensity without any fluid in the bowl, then 
equation ( 2 )  becomes 
and pB can be determined from the data given in Figure 3-32. 
the mass absorption coefficient for the brine is 1.13 gm/cm. With this number, 
and the count rate with no fluid in the system, the count rate at any density 
can be determined. With the separator as configured for the upgraded bread- 
board, the count rate at 30 .percent solids was 250 cps. From the geometry of 
the system, it is desired to have the density switch points at approximately 
30 percent and 50 percent concentration for the breadboard system. 
With xB = 3.0 in., 
Since the emission of a photon is a random process, the accuracy of a 
count rate is determined by "random walk" statistics and is proportional to 
the square root of the number of counts. Thus, the accuracy of the count t o  
within one standard deviation is given in percent as 
'& (100) where N is the total number of counts. To measure the N 
50 percent point to within 3-1 percent, 
a= 0.01 N 
or  
4 N = I O  counts 
with a count rate of approximately 200 cps at 50 percent concentration, the 
time required to count is approximately 50 seconds. A similar analysis for 
the level control indicates a count interval of approximately 90 seconds at 
the high level to obtain I percent accuracy in level reading; However, since 
it is not important to maintain this level within that accuracy, a count 
interval for level measurement of several minutes would suffice. Source 
strength is therefore a determining factor in count accumulation time. Be- 
cause it ,is desirable to utilize a s  small a source as is practical, the control 
system was configured to p'rovide the required accuracy with sources of IO and 
30 millicurie for the level and density controls, respectively. 
System Development 
On the basis of the system requirements discussed above, an attempt was 
made to demonstrate the primary characteristics of this control system during 
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t h e  upgraded breadboard t e s t i n g .  The system was modified t o  provide the 
interconnecting logic  necessary. The control i n  the  f ina l  configuration 
used i n  the breadboard test  i s  described below. 
Control S y s t e m  Description 
The  function of the control system is t o  determine t h e  level and densi ty  
of the f l u i d  p r e s e n t  i n  the  separator assembly, compare these i n p u t s  w i t h  p re-  
s e t  levels,  and t o  open o r  c lose  solenoid valves a s  necessary t o  maintain t h e  
i n p u t s  a t  these preset  levels. T h e  Geiger t u b e s  used a s  detectors  produce 
large p u l s e s  when exci ted by  gamma radiation. The pulse t r a i n  from each t u b e  
is then converted t o  pulses of uniform amplitude by the i n p u t  p u l s e  condition- 
i n g  c i r c u i t s .  The re la t ions  between t h e  pulse count ra tes  and d e n s i t y  and 
level a r e  shown i n  Figures 3-32 and 3-33. 
In t h e  case of the level control system, these pulses a re  f i r s t  inte- 
grated t o  produce an analog level proportional t o  pulse ra te .  T h i s  analog 
level is t h e n  compared t o  h i g h  and low set points by analog comparators. The 
outputs of these comparators a re  connected t o  lamp dr ivers  and buffer  stages.  
The lamps give a visual indicat ion of f l u i d  level,  while the buffers del iver  
logic  s igna ls  t o  the valve logic panel. I n  the valve logic panel t h i s  f l u i d  
level analog information is compared w i t h  d e n s i t y  information and w i t h  pre- 
programmed ac t ion  data.  The q u t p u t  of t h i s  comparison is routed t o  valve 
dr ivers  which open o r  c lose  solenoid valves t o  achieve control ac t ion .  
I n  the case of d e n s i t y  control ,  t h e  conditioned pulses from t h e  Geiger 
t u b e s  a r e  applied t6 a p u l s e  t o t a l i z e r  which counts the p u l s e s  for  a fixed 
time in te rva l .  A t  t h e  end of t h e  sample period t h e  number stored i n  t h e  
t o t a l i z e r  is compared w i t h  preset  l i m i t s  by  a d i g i t a l  comparator. The output 
of the d i g i t a l  comparator dr ives  indicator  lamps and provides logic  s igna ls  
t o  the valve logic  panel. In the valve logic  panel t h i s  d e n s i t y  information 
is routed t o  the same pre-programmed comparator a s  t h e  l e v e l  information. 
The outputs of the programmed comparator t u r n  on v s l v e  d r i v e r s  which open or  
close feed and dump solenoid valves t o  achieve control act ion.  Manual feed 
and dump switches a r e  a l s o  incorporated i n  t h e  valve logic panel. A functional 
diagram of t h i s  system is  shown i n  Figure 3 - 3 4 .  
Geiger-Mueller tubes a r e  used t o  determine level and density information. 
The Geiger t u b e s  respond t o  incident radiat ion level .  The incident radiation 
level reaching the t u b e s  from t h e  radioactive sources is dependent upon the 
amount of radiation absorbed by the f l u i d  which’ is  present between the source 
and the Geiger tubes. 
re la ted t o  f l u i d  level and density by the curves shown i n  F i g u r e s  3-32 and 
3-33. The pulse t r a i n  from e i t h e r  t u b e  is coupled through a capacitor-diode 
network t o  the base of a t r ans i s to r ,  which is connected w i t h  a s e r i e s  r e s i s t o r  
across t h e  5 v logic  s u p p l y .  
s t an t  amplitude w i t h  varying frequencies.  
The  output pulse frequencies of the t u b e s  a r e  t h e n  
T h e  output p u l s e  t r a i n s  a r e  therefore  of con- 
The  in tegra tor  c i  rcui t is used here a s  a f requency-to-analog converter.  
The i n p u t  pulse t r a i n  is f e d  t o  a one-shot c i r c u i t  w i t h  a fixed output p u l s e  
w i d t h .  T h i s  output pulse of constant w i d t h  is t h e n  integrated by a capaci tor-  
r e s i s to r  network t o  produce a dc level which is proportional t o  frequency only, 
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s i n c e  the  one-shot e l i m i n a t e s  any ampl i tude e f f e c t .  The dc l e v e l  v a r i e s  
between ze ro  and IO v f o r  zero  t o  1000 Hz inpu t  frequency. 
The ana log  comparators accept the  zero-to- l0-v s i g n a l  from t h e  i n t e g r a t o r  
and compare i t  t o  an a d j u s t a b l e  re fe rence vol'tage. The reference vo l tage  i s  
de r i ved  f rom a Zener diode and a p p l i e d  across a po ten t iometer .  The ou tpu t  o f  
t he  po ten t iometer  i s  a p p l i e d  t o  the  base o f  one t r a n s i s t o r  o f  a d i f f e r e n t i a l  
a m p l i f i e r .  The zero-to-10-v s i g n a l  i s  a p p l i e d  t o  the  o t h e r  base. Because o f  
t he  qa in  o f  t h i s  d i f f e r e n t i a l  a m p l i f i e r ,  t he  ou tpu t  t r a n s i s t o r  assoc ia ted  w i t h  
the  h ighes t  i npu t  s i g n a l  saturates,  g i v i n g  a s t e p  ou tpu t  determined by t h e  
p o l a r i t y  o f  t he  d i f f e r e n c e  s i g n a l  a t  t h e  t r a n s i s t o r  bases. The ana log  com- 
pa ra to rs  p rov ide  the  l e v e l  in fo rmat ion  necessary f o r  system c o n t r o l .  
The l i g h t  d r i v e r  stages accept zero-to-5-v l o g i c  s i g n a l s  and p rov ide  the  
c u r r e n t  and vo l tage  a m p l i f i c a t i o n  necessary t o  t u r n  on panel l i g h t s .  
l i g h t  d r i v e r s  a l s o  p rov ide  a zero-to-5-v o u t p u t  s i g n a l  which i s  a p p l i e d  t o  
the  f o l l o w i n g  stages. 
a switched c u r r e n t  source d r i v i n g  two t r a n s i s t o r s  f o r  maximum c u r r e n t  gain. 
The 
The c u r r e n t  and vo l tage  a m p l i f i c a t i o n  a r e  achieved by 
The gated d r i v e r s  a r e  s i m i l a r  t o  t h e  l i g h t  d r i v e r s  except t h a t  an i n p u t  
The gated d r i v e r s  a l s o  have a manual i n p u t  gate which a l l o w s  
g a t i n g  f e a t u r e  has been added. The d r i v e r s  a r e  on i f  any i n p u t  t o  them i s  
low ( 0  v o l t s ) .  
t h e  t e s t  o p e r a t o r  t o  manual ly open o r  c l o s e  the  feed and dump so leno id  valves.  
A c i r c u i t  i s  p rov ided  t o  accept a l o g i c  s igna l  pu lse  t r a i n ,  t o t a l i z e  
( coun t )  these pulses over a t i m e ' i n t e r v a l ,  and rese t  and repeat t h i s  f u n c t i o n  
a t  t he  end of each sample i n t e r v a l .  The sample i n t e r v a l  should be a d j u s t a b l e  
from I O  sec t o  I min g i v i n g  t o t a l  count values rang ing  from 25,500 counts t o  
I 53,000 counts . 
The d i g i t a l  comparator accepts the  ou tpu t  o f  t he  pu lse  t o t a l i z e r  and 
compares t h i s  w i t h  p rese t  values d i a l e d  i n  a front-panel-mounted thumbwheel 
sw i tch .  The comparator operates a t  t he  end of each sample per iod .  The ou t -  
pu ts  from the  comparator d r i v e  lamp d r i v e r s  and p rov ide  l o g i c  s i g n a l s  t o  the  
va l ve  l o g i c  panel. These s i g n a l s  e n t e r  the f l i p - f l o p  storage and programmed 
comparator stages o f  the  va l ve  l o g i c  panel. The d i g i t a l  comparator determines 
the  d e n s i t y  i n fo rma t ion  necessary f o r  system contrc 1 .  
These stages a r e  the  h e a r t  o f  the  va l ve  l o g i c  
and d e n s i t y  in fo rmat ion ,  compare i t  t o  p rev ious  i n  
in fo rmat ion ,  and g i v e  ou tpu ts  necessary t o  p rov ide  
acco rd ing  t o  a p rese t  run pro f  i l e .  
panel. They accept l e v e l  
ormat ion end t o  programmed 
c o n t r o l  o f  the  system 
Dur ing  most o f  t he  systFm operat ion,  w i t h  the  d e n s i t y  below t h e  low se t  
p o i n t  and the  separator l e v e l  between the  h i g h  and low se t  po in ts ,  the  system 
operates t o  feed u r i n e  i n  a pu lsed mode. Th is  pu lse  r a t e  was approx imate ly  
4 pulses/min. Th is  r a t e  was used p r e v i o u s l y  i n  t h i s  system and i t  was n o t  
changed. 
I pu lse  every  5 t o  IO min), w i t h o u t  a f f e c t i n g  the system opera t i on  no t i ceab ly .  
The r a t e  can be reduced by a ve ry  l a r g e  amount (on the  o rde r  of 
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System Test 
I n i t i a l l y ,  t h e  separator  and t h e  control system were designed fo r  operation 
a t  e s sen t i a l ly  constant level and constant density.  I n  t h i s  phase of t h e  pro- 
gram the semi-batch scheme described previously was adopted fo r  t h e  IWRS. 
terms of control system design, t h e  semi-batch t y p e  of operation imposes require- 
ments fo r  accurate  level and density measurement over a w i d e  range of levels and 
dens i t ies  combinations (see Figure 3-31). 
I n  
Calibration of t h e  density sensor pr ior  to  the 5-day test  indicated tha t  
t h e  d e n s i t y  measurement was very much a function of t h e  l i q u i d  level i n  t h e  sep- 
a ra to r  bowl. This i s  d u e  primarily to  t h e  shape of the separator  bowl and the 
placement of the density source and de tec tor .  
density source becomes exposed t o  the vapor a t  low l i q u i d  l e v e l  so  tha t  t h e  
density detector  count r a t e  increases rapidly (at constant density) as  t h e  sep- 
a r a t o r  l i q u i d  l e v e l  drops below about 400 cc. Referring to  Figure 3-31, t h e  
density gamma-ray beam travel led p a r t i a l l y  through vapor during operation from 
B t o  C and from C to  D. 
The radiat ion beam from t h e  
As a r e s u l t  the major portion of the 5-day t e s t  was devoted t o  the ad jus t -  
ment of the control feed and dump switch points to  achieve a compromise i n  t h e  
operation of the semi-batch scheme. This, however, meant t ha t  the breadboard 
system would not meet t h e  f u l l  range of operation described previously. I n  
attempting t o  ad jus t  t h e  dump valve switch over count r a t e  control and the over- 
a l l  control logic t o  accommodate t h e  pecu l i a r i t i e s  of the density detector ,  d i f -  
f i c u l t i e s  were encountered which, ' resulted i n  automatic b r i r e  dump a t  concentra- 
t ion much lower (20-3.0 percent) than t h e  desired v a l u e  of 50 percent, Because 
of t h i s  and a l s o  because considerable quant i t ies  of br ine were removed from the 
system for  sampling purposes the average br ine concentration was about 27 percent 
throughout t h e  5-day t e s t  (instead of the 20 percent design point) .  
Toward the end of the 5-day test se t t i ngs  were f i n a l l y  found, through t r i a l  
and er ror ,  which appeared t o  more closely match t h e  d e s i g n  switchover points 
and one complete automatic cycle was achieved. 
estimated concentration of 40 percent. This d i d ,  however, serve t o  demonstrate 
the soundness of the control technique. 
B r i n e  dump then occured a t  an 
Conclusions and Recommendations 
The  development work performed t o  date  on t h e  l e v e l  and concentration 
con t ro l l e r  has demonstrated the f e a s i b i l i t y  of the selected approach for  t h e  
IWRS. T h i s  work, together w i t h  the system analysis ,  has a l s o  demonstrated 
tha t  t h i s  system has a s ign i f i can t  e f f e c t  on operating e f f ic iency  and can be 
used t o  maximize tha t  e f f ic iency .  Therefore, i t  is f e l t  t ha t  the fu ture  
e f f o r t s  be directed toward ref inement  of t h i s  system t o  achieve prototype 
s t a tus .  T h i s  refinement should be i n  two areas  a s  follows: 
( a )  Design of t h e  separator  w i t h  the  gaging provisions a s  a d e s i g n  
requ  i rement 
Refinement i n  design and packaging of the e lec t ronics  ( b )  
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The  f i r s t  o f  t h e s e  w i l l  e n s u r e  a s t a b l e  a n d  a c c u r a t e  f l u i d  i n t e r f a c e  a t  
e a c h  o f  t h e  c r i t i c a l  s w i t c h  p o i n t s  i n  s y s t e m  o p e r a t i o n .  T h e  s e c o n d  w i l l  
e n a b l e  e x t e n s i o n  o f  t h e  r a n g e  o f  t h e  s y s t e m  t o  p r e c l u d e  t h e  p r o b l e m s  e n c o u n -  
t e r e d  i n  t h e  b r e a d b o a r d  t es t .  Also, t h e  s y s t e m  s h o u l d  b e  p a c k a g e d  a s  a s i n g l e  
u n i t  r a t h e r  t h a n  two u n i t s  a s  p r e s e n t l y  c o n f i g u r e d  w i t h  a r e s u l t i n g  s a v i n g s  i n  
s y s t e m  volume,  w e i g h t ,  a n d  power.  
PURITY MONITORING A N D  CONTROL 
. I n t r o d u c t i o n  
T h e  d e l  i b e r a t i o n s  of t h e  S p a c e  S c i e n c e  B o a r d  (SSB) h a v e  emphas i  z e d  t h a t  
a m a j o r  p r o b l e m  i n  l o n g  d u r a t i o n  s p a c e  f l i g h t  is t h a t  of q u a l i t y  s t a n d a r d s  fo r  
r e c l a i m e d  w a t e r .  A s  p o i n t e d  o u t  b y  t h e  SSB, q u a l i t y  s t a n d a r d s  f o r  water for  
s p a c e c r a f t  u s e  r e q u i  re s t r i n g e n t  c o n t r o l ,  e s p e c i a l l y  i n  r e g a r d  t o  b i o l o g i c a l  
q u a l i t y .  D r i n k i n g  water  s u p p l i e s  a b o a r d  t h e  s p a c e c r a f t  wi  1 1  b e  r e g e n e r a t e d  
from u r i n e ,  w a s h  water,  a n d  humi d i  t y  c o n d e n s a t e .  T h e  w a t e r  r e c l a m a t i o n  s y s t e m  
m u s t  e n s u r e  a s a fe  p o t a b l e  w a t e r  s u p p l y  i n  r e g a r d  to  p h y s i c a l ,  c h e m i c a l ,  a n d  
b i o l o g i c a l  r e q u i  r e m e n t s .  S t e r i  1 i t y ,  o r  e s s e n t i  a1 s te r i  1 i t y ,  s h o u l d  b e  ma in -  
t a i n e d  t h r o u g h o u t  t h e  e n t i  re r e g e n e r a t i o n  u n i t .  T h e s e  s t r i n g e n t  r e q u i r e m e n t s  
p o s e  a number of p r o b l e m s  i n  t h e  e v a l u a t i o n  n o t  o n l y  of g r o u n d - b a s e d  s y s t e m s ,  
b u t  a l s o  of s y s t e m s  t o  b e  u s e d  o n  b o a r d  t h e  s p a c e c r a f t .  
On b o a r d ,  t h e  w a t e r  r e c o v e r y  s y s t e m  m u s t  b e  r e l i a b l e  a n d  e a s i l y  m o n i t o r e d  
f o r  c h e m i c a l  a n d  b i o l o g i c a l  c o n t a m i n a n t s .  T h e  S S B - s u g g e s t e d  b i o l o g i c a l  q u a l i t y  
r e q u i r e m e n t  is a maximum of I O  v i a b l e  m i c r o - o r g a n i s m s  p e r  m i l l i l i t e r  o f  w a t e r ;  
t h e r e f o r e ,  some p o s i t i v e  form of s t e r i l i z a t i o n  i s  r e q u i r e d  a f t e r  t h e  p h a s e  
s e p a r a t i o n  s t e p  of t h e  r e c l a m a t i o n  p r o c e s s .  However, t h e  c o n c e p t  of ' l e s s e n t i  a 1  
s t e r i  1 i t y "  t h r o u g h o u t  t h e  s y s t e m  may n o t  b e  a real i s t i c  a p p r o a c h  t o  t h e s e  
v a r i o u s  p r o b l e m s ,  a s  o u t g r o w t h  i n  t h e  h o l d i n g  t a n k s ,  r e s u l t i n g  i n  l a r g e  numbers  
of m i c r o - o r g a n i s m s  i n  a r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e ,  is a p o s s i b i l i t y  n o t  
easi 1 y d i  s m i  s s e d .  
T h e  o b j e c t i v e  of t h i s  t a s k  was  to  examine t h e  r e q u i r e m e n t s  of t h e  s y s t e m  
i n  terms o f  p o t a b i l i t y  m o n i t o r i n g  e q u i p m e n t  a n d  to  select  i n s t r u m e n t s  a n d  
t e c h n i q u e s  a d e q u a t e  t o  a s s u r e  t h a t  t h e  crew b e  a c c u r a t e l y  i n f o r m e d  a t  a l l  
times of t h e  q u a l i t y  of t h e  p o t a b l e  water s u p p l y .  
A s  a d e s i g n  g o a l ,  t h e  w a t e r  r e c o v e r y  s y s t e m  i s  r e q u i r e d  t o  p r o d u c e  
r e c l a i m e d  water  t h a t  meets t h e  p o t a b i  1 i t y  r e q u i  rements of Document MSC-SPEC-C35 
e n t i t l e d  "Water, High  P u r i t y  ( P o t a b l e )  a n d  Samp1.ing P r o c e d u r e  S p e c i f i c a t i o n  
for." As a minimum, t h e  water  p u r i t y  l e v e l s  m u s t  b e  h i g h e r  t h a n  recommended 
b y  t h e  5SB a d  h o c  p a n e l  o n  s p a c e c r a f t  water q u a l i t y .  
T h e  r e s u l t s  of t h e  i n v e s t i g a t i o n s  c o n d u c t e d  a r e  s u m m a r i z e d  i n  t h e  follow- 
i n g  p a r a g r a p h s .  
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Chemical Composition Control 
The statement of work specif ied t h a t  the following parameters b e  moni tored 
as a m i n i m u m :  pH, conductivity, t u r b i d i t y ,  and s p e c i f i c  ions ( t o  be  determined 
as par t  of t h e  s t u d y ) .  These parameters determine only the physical and chemi- 
cal character;  s t i  cs of t h e  water. Other parameters affect ing water qual i t y  
levels  a re  color, odor, chemical oxygen demand ( C O D ) ,  t o ta l  sol i ds, and micro- 
biological content. 
To assure adequate system moni toring and t o  permit timely repai r action 
i t  is  d e s i r a b l e  t o  monitor the re la t ive  value of each parameter and i ts  ra te  
of change. By u s i n g  the r a t e  of change information, the crew w i l l  b e  warned 
e a r l y  of any operational deter iorat ion s o  tha t  adequate safeguard action can 
be undertaken t o  minimize contamination of the reclaimed water portion of the 
ci rcui t, i ncl u d i  ng the potable water storage tanks. 
The following discussions a re  concerned w i t h  t h e  ident i f ica t ion  of parame- 
ters  which form the pur i ty  monitoring c r i t e r i a  f o r  t h e  system: 
I .  T u r b i d i t y ,  Color, Odor and Taste 
Of the physical c h a r a c t e r i s t i c s  such as color, t as te ,  odor, and turbidi ty ,  
only the l a s t  can be s a t i s f a c t o r i l y  monitored on a continuous basis. As 
defined, t u r b i d i t y  is  a measure of the opt ical  property of the reclaimed water 
and is  indicat ive of the number of suspended par t ic les ,  of both chemical and 
biological nature i n  the water. TO measure turbidi ty ,  l i g h t  is transmitted 
through a water sample. Due to  the suspended p a r t i c l e s ,  l i g h t  i s  sca t te red  
and absorbed and the sca t te red  1 i g h t ,  o r  the i n 1  ine transmitted l i g h t ,  i s  
detected by a l i g h t  receiver such a s  a photocell. The resul t ing s i g n a l  from 
t h e  photocell i s  then compared w i t h  a reference t o  determine i f  t h e  t u r b i d ;  t y  
of the water i s  excessive. 
There a r e  two basic  types of photoelectr ic  turbidimeter;  the nephelometer 
and the absorptometer. The nephelometer turbidimeter detects  the intensi  t y  of 
l i g h t  sca t te red  from t h e  p a r t i c l e s  and is  insensi t ive t o  h i g h  t u r b i d i t y  levels  
i n  terms of the Jackson u n i t .  The absorptometer d i r e c t l y  measures the l i g h t  
passing through a water sample and i s  insens i t ive  t o  low t u r b i d i t i e s .  Because 
of the re la t ive ly  h i g h  t u r b i d i t y  level allowed for  t h e  water ( 5  
only the absorptometer u n i  t is acceptable for  IWRS appl i cation. 
Jackson u n i t s ) ,  
In the present s ta te -of -ar t ,  bacter ia  moni tor ing o f  t h e  IWRS requi res tha t  
a sample be drawn from t h e  reclaimed water tank .for bacteriological analysis.  
T h i s  sample could be used t o  v isua l ly  monitor t u r b i d i t y  through a s i g h t  glass. 
In the IWRS, the porous p l a t e  employed for  phase separation i n  the heater- 
condenser has a nominal pore s i z e  of 0 .5  micron, so t h a t  i t  serves as a very 
e f f e c t i v e  f i l t e r  i n  t h e  reclaimed water stream. The presence of undissolved 
p a r t i c l e s  i n  t h e  reclaimed water stream i n  q u a n t i t i e s  s u f f i c i e n t  t o  resu l t  i n  
objectionable t u r b i d i t y  level i s  therefore very u n l  ikely. I f  i t  were to  occur, 
o ther  potabi 1 i t y  monitoring equipment such a s  the conductivity meter a n d  the 
inorganic materi a1 moni t o r  would most 1 i kely detect  compounds whose presence 
would make the water unacceptable. A t  t h i s  time i t  is  not recommended t h a t  a 
t u r b i d i t y  meter be incorporated i n  the system. I t  i s  a l so  recommended t h a t  
odor and t a s t e  be  monitored as par t  of the reclaimed water t e s t  procedure a t  
the tank level before the reclaimed water is  pumped t o  the spacecraft  supply. 
B] AIRESEARCH MANUFACTURING COMPANY 
Lo5 Angels. California 70-7018, Rev. I 
Page 3-84 
2. pH 
According t o  the 1 i t e ra ture ,  pH alone is not a good indicator  of water 
qual i ty .  The reason for  t h i s  is t h a t  i n  some samples of water reclaimed from 
urine, s m a l l  amounts of contaminants of organic and inorganic nature were found 
a t  a pH level above 9. Yet, appreciable amounts of contaminants were found i n  
some samples where the po tab i l i t y  analysis  indicated the pH was w i t h i n  accept- 
able  l i m i t s .  Although pH cannot be completely re l ied  upon t o  determine rela-  
t i v e  quan t i t i e s  of impurit ies i n  the  reclaimed water, i t s  usefulness as  an 
indicator  of l i q u i d  a c i d i t y  o r  a l k a l i n i t y  i s  apparent. Any abnormal change i n  
pH would ind ica te  a malfunction i n  the system o r  in su f f i c i en t  pretreatment of 
the urine s u p p l y  t o  the system. 
A t  t h i s  time a pH sensor developed by Beckman Instruments for  zero-g space 
appl icat ion appears t o  be su i t ab le  for  the water recovery system. T h i s  ins t ru-  
ment was incorporated on the breadboard system a n d  found to  operate sa t i s f ac -  
t o r i l y .  
The sensor portion employs a miniature glass  pH electrode and a reference 
electrode. The pH electrode consis ts  of an in t e rna l ly  sealed t u b e  w i t h  a 
metal 1 i c  e lectrode and an external tube containing e l e c t r o l y t e  which contacts 
the electrode. T h e  reference electrode is  a si lver-si  lver  chloride element 
which i s  i n  contact w i t h  a reference solut ion of sa tura ted  potassium chloride. 
Basically, pH measurement i s  accompl ished by measuring the potenti a1 developed 
between the reclaimed water sample and t h e  potassium chlor ide solut ion.  I n  
operation, due to  a pos i t ive  head, there  i s  a small continuous flow of the 
potassium chlor ide so lu t ion  from the reference electrode in to  t h e  reclaimed 
water stream. 
T h i s  d e v i c e  cons is t s  of a sensor-amplifier assembly and an amplif ier .  
T h i s  quant i ty  of potassium chlor ide is negl igible  (0.02 cc/day). 
Beckman l i t e r a t u r e  indicates  t h e  preamplifier assembly is about 4 i n .  
long b y  I . 5  i n .  i n  diameter. A u n i t  s i m i  l a r  t o  tha t  used on the breadboard 
system was qua l i f ied  for  the Apollo program. I t  i s  recommended t h a t  such a 
u n i t  be incorporated i n  the  f l  i g h t  prototype system. Such a pH sensor w i  1 1  
de tec t  small q u a n t i  t i e s  of ammonia which cons t i tu tes  one of the major poten- 
t i a l  water contaminants i n  event of system malfunction. 
3. Conducti vi  t y  
O n e  of the best  parameters fo r  assessing water qua l i ty  is  e l e c t r i c a l  con- 
ducti vi t y  o r  speci f i  c conductance. 
t r a t ion  of ion ic  species i n  so lu t ion ;  therefore;  i t  mainly es tab l i shes  the 
inorganic content of the reclaimed water. 
Conductivi t y  i s a measure of the concen- 
MSC-SPEC-C35 spec i f i e s  an allowable to t a l  so l id s  content .of  500 mg/liter. 
Using NaCl as  the reference so l id ,  1000 mg/l i ter  of NaCl a t  25OC corresponds t o  
a conductivity of about 1700 microohms/cm. T h u s ,  on a proportional basis  the 
equivalent a1 lowable conductivity for  the system i s  850 m i  croohms/cm corres- 
ponding to  the allowed t o t a l  so l id s  of 500 mg/l i ter .  
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Conductivity information is  most meaningful when the related pH of t h e  
water is  between 6 and 9. Beyond these l i m i t s ,  conductivity is  grea t ly  
influenced by t h e  hydrogen and hydroxyl ions as compared t o  the other  ions 
present i n  t h e  water. As a resul t ,  conductivity a t  high and low pH does not 
accurately r e f l e c t  the r e l a t i v e  concentration of dissolved ionic compounds. 
Conventional instruments ava i  lable  t o  monitor conductivi t y  typical l y  con- 
s i s t  of a conductivity sensor and a monitor u n i t .  T h e  conductivity sensor 
employs two electrodes.  During operation, low frequency ac voltage from a 
bridge c i r c u i t  w i t h i n  the monitor u n i t  is  applied to  t h e  electrodes.  The moni- 
t o r  u n i t  i s  ca l ibra ted  a t  zero baseline when t h e  ionic  concentration i s  m i n i -  
mum corresponding t o  m i n i m u m  e l e c t r i c a l  conduction between t h e  electrodes.  As 
the ionic  concentration increases, the resis tance of the water between the 
electrodes decreases causing an increase i n  e l e c t r i c a l  conductance. 
Fouling of the electrodes is  one of the main disadvantages of the electrode- 
type of conducti vi t y  instrument, which is requi red t o  operate continuously over 
a long period of t i m e .  T h i s  disadvantage is p r a c t i c a l l y  eliminated w i t h  the 
Beckman toroi dal-type conductivity analyzer, which operates a t  h i g h  audio fre-  
quencies without any e lectrodes i n  solution. Cylindrical meta l l ic  contacts 
a r e  i n s t a l l e d  a t  each e n d  of a nonmetallic, nonconducting tube and  the contacts 
a re  wired t o  another toroid pickup t o  complete the c i r c u i t .  In addition to  
being insens i t ive  t o  foul i n g ,  the toroidal i nstrument has higher re1 i abi 1 i t y ,  
improved 1 ineari  t y ,  and lower power consumption than the conventional electrode- 
type conductivity instrument. On t h i s  basis,  t h i s  type of instrument is  recom- 
mended f o r  IWRS. 
Toroidal conductivity meters have been developed f o r  commercial applica- 
t ion,  and t h e  development of a f l i g h t  prototype u n i t  does not appear to be  a 
problem. 
4 .  Organi c Moni tor i  ng Instrument 
Knowledge of the organic content i n  the reclaimed water could provide 
v a l u a b l e  information when u s e d  a n d  interpreted i n  conjunction w i t h  e l e c t r i c a l  
conducti vi t y  i nformati on. To determi ne the organi c content, parameters such 
as chemi cal oxygen demand ( C O D ) ,  carbon organi cs, t o t a l  organic carbon ( T O C ) ,  
o r  dissolved organi cs can be moni tored. However, procedures i nvol ved w i  t h  
these techniques require sampling and manipulati.on which are  generally not 
compatible w i t h  space operations. 
measuring d i  ssolved organics. One such i nstrument, developed by the Aqua 
Test Corporation, is based on the u l t r a v i o l e t  radiation absorption of organic 
compounds. T h i s  u l t r a v i o l e t  radiation monitor, shown i n  Figure 3-35, was 
developed t o  measure r e l a t i v e  amounts of organics l i k e l y  t o  cause odors a n d  
Compact instruments have been developed for  
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t a s t e s  i n  potable water. I n  the detect ion method, t h e  output from the moni- 
t o r  is  l inear ,  w i t h  t h e  absorption of u l t r a v i o l e t  radiat ion i n  the  254 m i l l i -  
micron wave l e n g t h .  The absorption, i n  t u r n ,  is proportional t o  t h e  dissolved 
organic  content i n  t h e  water. For the b e s t  response, t u rb id i ty  s h o u l d  be below 
the spec i f ied  level.  U n t i  1 another s u i t a b l e  instrument becomes avai lab le  f o r  
monitoring organics i n  the water, the method o r  instrument developed by Aqua 
Test appears des i rab le  f o r  the IWRS. 
Bacteria Control and S t e r i l i z a t i o n  
I .  Reclaimed Water S te r i  1 i t y  
The S S B  has reviewed i n  de t a i l  the  need f o r  microbiological control of 
reclaimed water f o r  human consumption. The SSB has suggested t h a t  the regen- 
e ra ted  water be s t e r i l e ,  o r  e s s e n t i a l l y  s t e r i l e ;  i .e . ,  a maximum of  IO micro- 
organisms per m i l l i l i t e r  of water. To maintain t h i s  standard, pos i t i ve  
s t e r i l i z a t i o n  m u s t  be  maintained throughout t h e  e n t i  r e  water recovery system 
(recovery-storage-del ivery systems). 
contamination during space f l i g h t  presents  many problems. 
a l l  components of t h e  water regeneration system and the regenerated water a l so  
presents  many unique problems. 
Detection and monitoring of microbi a1 
S ter i  1 i za t ion  of 
The need  t o  ensure s t e r i  l i  t y  of t h e  potable water i s  an obvious must. 
A i  Research does not agree w i t h  t h e  SSB's  c r i t e r i o n  of "essent ia l  s t e r i  1 i t y . "  
Although a count of I O  viable  microorganisms per m i l l i l i t e r  of potable water 
may b e  an acceptable  standard,  t h e  p o s s i b i l i t y  of microbial growth, through 
cross-feeding and a constant s u p p l y  of nu t r ien ts  i n to  t h e  water tanks, is 
an overr iding poss ib i l i t y .  T h e  i n j e s t ion  of large numbers of microorganisms 
is not des i r ab le ;  thus i t  i s  imperative tha t  absolute  s t e r i l i t y  be  maintained 
i n  the  potable water tanks. 
T h e  SSB panel has suggested heat treatment, a t  least  t o  pas teur iza t ion  
temperatures, a s  an  acceptable method f o r  s t e r i  1 i za t ion a t  a point following 
the phase separat ion s t ep  of a d i s t i  1 l a t i on  process. Normal l y ,  pasteurizat ion 
i s  ca r r i ed  out  a t  a temperature of 145' t o  15OoF f o r  a t  l e a s t  30 minutes, o r  
1 6 I o F  fo r  a t  l e a s t  30 seconds. 
Heat s t e r i l i z a t i o n ,  as is  t r u e  of most forms of s t e r i l i z a t i o n ,  i s  
dependent on severa 1 va r i ab1 es ; e. g . ,  temperature, ti me, phys i ol og i ca 1 s ta  te 
of t h e  c e l l  (young, old,  vegetat ive form, o r  spore),  supporting menstruum, 
s t a b i l i t y  of t h e  s t e r i l i z i n g  a g e n t  i n  t h e  supporting menstruum, e t c .  Not 
a1 1 micro-organisms a r e  uniformly sensi  t i v e  t o  heat treatment;  therefore ,  
t h e  temperature u s e d  Tor s t e r i l i z a t i o n  must be  h i g h  enough t o  k i l l  not only 
vegetat ive forms b u t  a l s o  spores. T h e  percent and r a t e  of k i l l  w i l l  a l s o  
depend on residence time a t  the desired s t e r i l i z i n g  temperature, thus t h e  
higher the s t e r i l i z i n g  temperature, the sho r t e r  t h e  residence time required 
f o r  complete k i l l .  Pasteurizat ion do not ensure 100-percent k i l l .  Heat i s  
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le thal  t o  a l l  forms of l i f e ;  however, t h e  power penalty for  producing suf-  
f i c i e n t l y  h i g h  temperatures fo r  s t e r i l i t y  o r  "essent ia l  s t e r i l i t y "  may be 
a deciding f ac to r  fo r  u s i n g  heat as  t h e  preferred method of s t e r i l i z a t i o n .  
S te r i  l i za t ion  of t h e  re enerated water can be  accomplished by other  means, 
such as u l t r a v i o l e t  (UV 9 i r rad ia t ion ,  mechanical f i l t e r i n g ,  and addi t ion of 
biocidal agents t o  t h e  water. 
S t e r i  l i z a t i o n  w i t h  UV involves the immersion of a UV l i g h t  source in to  
the water supplies.  The Barnstead Company manufactures such a u n i t  which is 
placed in to  t h e  water s u p p l y  so tha t  t h e  UV rays r e f l e c t  off  the inner surfaces  
of the s torage tank, t h u s  permitt ing the maximum use of the i r rad ia t ion .  UV 
has poor penetrat ion power and any dissolved so l id s  w i l l  decrease t h e  e f f i -  
ciency t o  k i  1 1 .  The major disadvantages 1 i e  i n  the  power requirements, the 
e f f e c t i v e  l i f e  of the UV lamp (necess i t a t ing  monitoring and occasional replace- 
ment of the lamp), and having prac t ica l  appl icat ion only i n  the  reclgimed 
water holding tanks. 
T h e  use of mechanical f i .1 ters  placed a t  s t r a t e g i c  points throughout the 
water recovery system i s  a possible  means of maintaining the s t e r i l i t y  of the 
recovered water a f t e r  the phase separat ion stage. 
method is t h a t  f i l t e r s  of t h e  pore s i z e  (0 .2  P) necessary f o r  the retent ion 
of micro-organisms a r e  easi  l y  clogged. Unless the f i  1 t e r s  a r e  t rea ted  w i t h  a 
biocidal o r  b i o s t a t i c  agent, organ.ilsms may accumulate and grow on thei r sur- 
faces (b ioc ida l  compounds i n  the water stream could serve the same purpose). 
T h e  growth of organisms could have'several de le te r ious  e f f ec t s .  For example, 
the f i 1 ters coul d break, re leasi  ng 1 arge quanti t ies  of accumulated m i  cro- 
organisms i n t o  the water supp ly .  Also, f i l t e r s  of such small pore s i z e  can 
cause severe pressure drop, espec ia l ly  when clogged. An additional disadvan- 
tage to  the use of f i l t e r s  is t h a t  they m u s t  be removed and replaced, g i v i n g  
r i s e  t o  possible  contamination d u r i n g  t h e  procedure. 
T h e  primary drawback t o  t h i s  
A var ie ty  of chemical agents, such a s  chlor ine and iodine, i s  ava i lab le  
f o r  d i s infec t ion  of water. T h e  use of such bacter iocidal  o r  b a c t e r i o s t a t i c  
compounds i n  the  water s u p p l y  would have t o  be carefu l ly  evaluated from the 
standpoint of possible  tox ic  e f f e c t s  to  the crew and possible  corrosion of t h e  
water recovery system before use on a long term f l  i g h t  system. The major d i s -  
advantage of any 1 i q u i  d o r  powdered chemi cal d i s in fec t an t  is the necessi ty  o f  
monitoring i t s  concentration i n  the water and automatical ly  d i s p e n s i n g  i t  in to  
the water, along w i t h  some means t o  ensure t h a t  thorough mixing of the a g e n t  
w i l l  occur. 
Ionized s i l v e r  i s  a poss ib i l i t y  as i t  i s  bacter iocidal  and considered 
physiologically harmless t o  man. T h e  concentrations of ionized s i l v e r  required 
f o r  k i l l i n g  of microorganisms is w i t h i n  Public Health standard.s f o r  human con- 
sumption (50 t o  100 ppm). S t u d i e s  using e l e c t r o l y t i c a l l y  generated s i l v e r  ions 
have shown a k i l l  of over 99 percent i n  less than one hour for  a var ie ty  of 
micro-organisms; however, more work i s  needed as l i t t l e  i s  known about t h e  
e f f e c t s  of ionized s i l v e r  on viruses,  fungal spores,  and mycoplasma. 
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In the IWRS, pasteurizat ion is accomplished upstream of the heater- 
condenser i n  the h i g h  temperature c a t a l y t i c  oxidizer,  which is maintained a t  
80OoF. 
t ion from the brine loop in to  the potable water s u p p l y .  I t s  use as a s t e r i l i z e r  
requires t h a t  a l l  equipment and l ines  downstream of t h e  reactor be  s t e r i l e  a t  
t h e  s t a r t  of operation a n d  t h a t  pos i t ive  means be provided t o  prevent bacter ia  
migration from the reclaimed water storage t a n k s .  System tests reported l a t e r  
have demonstrated t h e  effect iveness  of t h e  c a t a l y t i c  reactor a s  a bacter ia  
bar r ie r .  The approach recommended for  the IWRS is  depicted i n  Figure 3-36. 
The reactor assures s t e r i l e  conditions i n  the condenser; a s i l v e r  ion senerator 
i n  the reclaimed water l ine  provides a pos i t ive  means of maintaining s t e r i l i t y  
downstream of the condenser, a n d  bacter ia  f i l t e r s  check t h e  migration of 
bacter ia  from the col lect ion tank and t h e  water recycling l ine.  
T h i  s u n i t  consti tutes a very e f f i  ci en t  b a r r i e r  against  bacteri  a m i  gra- 
Contamination of the water tap or  spigot  is not considered a serious prob- 
lem. Although contamination,of the potable water tank may occur when water i s  
being drawn o f f  o r  when the tap is  not i n  use, the l ikelihood of t h i s  occurring 
is considered minimal for  the following reasons: ( I )  turning on t h e  water tap 
would mechani ca l l  y f 1 u s h  out any m i  cro-organi sms trapped i n the water spout; 
( 2 )  although micro-organisms can gain access through the valve(s) i n t o  t h e  
water s u p p l y  tank, the presence of ionized s i l v e r  i n  the potable water w i l l  k i l l  
these organisms. I f  bac te r ia l  o r  fungal spores are  considered a ser ious prob- 
lem, mechanical f i l t e r s  (‘pore s ize ,  0.22 /A) can be placed upstream of t h e  water 
spout j u s t  ahead of the point  of delivery in to  the spout i t s e l f .  These f i l t e r s  
would retain any vegetative c e l l s  as we1 1 as spores. Such f i  1 t e r s  could be 
routinely changed without contamination of t h e  t a n k  i t s e l f  during the changing 
process. 
2. Bacteria Detection and Moni tor i  ng 
The complexity of solut ions t o  the problems of detection and control of 
water-borne micro-organisms is a major problem area i n  any water regeneration 
system, espec ia l ly  i f  detection is  t o  be rapid and s i m p l e ,  as i t  m u s t  be f o r  
space vehicle appl i cation. Standard methods f o r  determining m i  crobi a1 counts 
i n  water require 18 t o  24 hours for  bacter ia  and longer for  f u n g i .  Detection 
of viruses is v i r t u a l l y  impossible. Detection of very low counts, such as 
less  than one m i  cro-organi s m  per m i  1 1  i 1 i t e r ,  by standard di 1 ution and p la t ing  
methods presents additional problems a s  a rather large sample would be required 
t o  g e t  meaningful data. A s  indicated, standard techniques require time for  
outgrowth of t h e  i n i t i a l  population. During t h i s  time, a f a i l u r e  i n  the 
selected control method could r e s u l t  i n  a po ten t ia l ly  serious problem as detec- 
t ion of a f a i l u r e  o r  malfunction would not b e  evident f o r  18 to 24 hours. 
Also, t h e  use of standard d i lu t ion  and p la t ing  methods f o r  detection of water- 
borne micro-organisms not only requires a portable laboratory (incubator,  
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growth medium, glassware, e t c . ) ,  equipment not generally i n  keeping w i t h  space 
conservation, and ex t ra  work loads on the crew, b u t  a l so  creates  the problem 
of disposal of any contaminated media. Thus,  a method for  on-line detection 
and monitoring of microbial contamination i n  t h e  potable water s u p p l y  system 
is  very desirable.  Several ways i n  which t h i s  problem may be approached a re  
discussed below. 
a. P a r t i c l e  Counters 
Electronic  p a r t i c l e  counters, such as the Coul t e r  counter of the Royco 
Model 340, a r e  able t o  discriminate s i z e  and numbers of pa r t i c l e s  i n  a l i q u i d  
system. Figure 3-37 shows a typical p a r t i c l e  detector  arrangement, such as  
is u s e d  i n  t h e  Coulter counter. T h e  instrument is in s t a l l ed  i n  a l i ne  para l le l  
t o  the main water stream. The operation of t h i s  de tec tor  depends upon the non- 
conducting c h a r a c t e r i s t i c s  of l i v i n g  micro-organisms. When the micro-organisms 
pass through the  o r i f i c e ,  which is constructed from a p l a t e  o f  nonconducting 
mater ia l ,  t h e i r  presence momentarily upsets the e l e c t r i c a l  conductance between 
the two electrodes and causes a voltage pulse t o  appear. 
pulse is proportional t o  the population densi ty  o f  the micro-organisms. 
The magnitude o f  t h i s  
T h i s  instrument has  t h e  advantage of speed of response fo r  p a r t i c l e s  i n  
the  general s i z e  range of i n t e r e s t ;  however, d i f f e ren t i a t ion  of c e l l s  from 
organic or  inorganic debris is not possible. To obviate  t h i s  disadvantage, a 
basel ine micro-organisms population can be monitored and then the population 
can be  recounted a f t e r  t h e  s ample  >dater i s  exposed t o  an environment favorable 
to  bac ter ia  growth. A comparison of the r e su l t s  w i  1 1  indicate  t h e  presence o r  
absence of micro-organisms. The present goal is to t a l  absence of any viable  
micro-organisms. As apparent, t h i s  condition is  met only when the baseline 
and recounted rnicro-organism populations a r e  the same. 
General E l e c t r i c  s tud ies  u s i n g  the Coulter counter indicate  t h a t  the time 
required t o  analyze reclaimed water fo r  micro-organism can be as low as  4 hours 
i n  comparison to  a m i n i m u m  of 18 hours required by the standard method of 
ana I ys  i s. 
b. Staining Methods 
Staining methods for  detection of m i  cro-organisms have been under s t u d y  
for  a number of years. 
onto a porous tape a n d  then s t a i n i n g  these p a r t i c l e s  w i t h  a dye such a s  e t h y l  
v io l e t  o r  c rys ta l  v io le t .  The specimen is then . t reated w i t h  acetone o r  ethanol 
t o  remove excess dye and t o  remove dye from inorganic debris. The tape is then 
131 
read-out automatically. 
o r  a f luorescent  dye conjugated antibody. The  reaction of th i . s  antibody w i t h  
s p e c i f i c  bac te r ia  (ant igen)  can be detected. 
system are  non-specific reactions as w e l l  a s  t h e  necessi ty  of presupposing 
knowledge of the exact k i n d s  of micro-organisms which wi  1 1  be i n  t h e  water 
s y s  tem. 
One procedure cons is t s  of co l lec t ing  suspended p a r t i c l e s  
A more sens i t i ve  t y p e  of s t a in ing  method u t i  1 ized I 
Problems associated w i  t h  t h i s  
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c. Enzyme Methods 
Enzyme methods f o r  d e t e c t i o n  o f  micro-organisms a r e  ext remely s e n s i t i v e .  
Two approaches a r e  poss ib le :  
organisms; e.g., adenosinet r iphosphate d e t e c t i o n  u t i l i z i n g  a b io luminescent  
assay, and (2 )  t he  a d d i t i o n  o f  some compound which w i l l  be ac ted  upon by enzymes 
w i t h i n  the  organisms. 
f o r  adenosinet r iphosphate (ATP), which i s  common t o  a l l  forms o f  l i f e  and i s  
p resent  i n  b o t h  l i v i n g  and dead c e l l s .  T h i s  assay i s  based upon the  f o l l o w i n g  
r e a c t i o n  t h a t  produces 1 i g h t  i n  f i r e f l y  t a i l s .  
( I )  an anzyme assay of  a known component o f  these 
The f i r s t  method requ i res  a f i r e f l y  b io luminescent  assay 
ATP + l u c i f e r i n  + l u c i f e r a s e  + oxygen = l i g h t  
I f  any o f  these components a r e  missing, t he re  can be no p roduc t i on  o f  
l i g h t .  The peak l i g h t  i n t e n s i t y  from the  r e a c t i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  
the  ATP q u a n t i t y  which i s  i n  t u r n  p r o p o r t i o n a l  ma in l y  t o  the  l i v e  micro-organisms 
i n  the  water  sample. 
I ns t rumen ta t i on  f o r  m o n i t o r i n g  the  b io luminescent  l i g h t  was developed by  
the  Nor th  American Rockwell Corporat ion.  A d d i t l o n a l  s tud ies  a r e  requ i red  t o  
determine the  performance c h a r a c t e r i s t i c s  o f  t h i s  inst rument  and t o  upgrade i t s  
s t a t u s  f o r  i n s t a l l a t i o n  on a f l i g h t  system. Another method o f  d e t e c t i o n  i s  
based upon the  o x i d a t i o n  reduc t i on  reac t i ons  o f  l i v i n g  c e l l s ,  u t i l i z i n g  t e t r a -  
zo l ium s a l t s  which a r e  reduced t o  a co lo red  p r e c i p i t a t e ;  i.e., formazan. 
d. Comparison o f  Approaches 
No s a t i s f a c t o r y  techniques f o r  on-1 ine  b a c t e r i a  m o n i t o r i n g  have been dev- 
eloped t o  date. The approach which appears t o  be the  bes t  i s  the  e l e c t r o n i c  
p a r t i c l e  counter  mentioned above. As discussed prev ious ly ,  no p a r t i c l e s  a r e  
a n t i c i p a t e d  downstream o f  t h e  condenser separator  p la te ,  which a c t s  as a very  
f i n e  f i l t e r .  A l though t h e  inst rument  i s  n o t  s p e c i f i c  t o  bac ter ia ,  such an 
inst rument  cou ld  be used i n  con junc t i on  w i t h  the  c o n d u c t i v i t y  mon i to r  and the  
o rgan ic  conten t  mon i to r  t o  d e t e c t  bac te r ia .  
To e s t a b l i s h  conf idence t o  t h i s  type o f  apparatus i t  i s  recommended t h a t  
a Cou l te r  counter  be i n s t a l l e d  on the  I W R S  f o r  e v a l u a t i o n  i n  t h e  nex t  phase o f  
t h e  program. Pending long term t e s t i n g  o f  t he  dev ice  and i t s  e f f e c t i v e n e s s  as 
a s p e c i f i c  b a c t e r i a  d e t e c t o r  f o r  t he  IWRS, i t  i s  n o t  recommended f o r  the  p ro to -  
type system. 
The method recommended invh lves  the  use o f  two reclaimed water tanks;  w h i l e  
one i f  be ing  f i l l e d ,  t he  o the r  i s  i s o l a t e d  and on h o l d  w h i l e  a sample taken from 
i t  i s  be ing  checked f o r  b a c t e r i a  conten t  us ing  t h e  Cou l te r  counter  w i t h  i n j e c -  
t i o n  o f  growth media i n  t h e  t e s t  sample. 
U r i ne Storage Vessel 
Human u r i n e  i s  a e x c e l l e n t  growth medium f o r  many types of  micro-organisms. 
Normal u r i n e  may be s t e r i l e  o r  may con ta in  up t o  1,000 organisms pe r  m i l l i l i t e r .  
The f o l l o w i n g  organisms a r e  commonly found i n  normal u r i ne :  s taphy lococc i  
(coagulase-negat ive),  d i p t h e r o i d  b a c i l l i ,  c o l i f o r m  bac i  1 1  i, enterococc i ,  p ro teus  
species, a lpha and beta hemoly t i c  s t rep tococc i ,  saprophy t ic  yeasts, and b a c i l l u s  
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species. Infected or pathologic urine may contain additional groups: 
pseudomonas aeruqinosa, alcaligenes species, mina polymorpha, candida albicans, 
gonococci, salnomella and shigella species, mycocbacterium tuberculosis and 
hemophilus species. 
Previous studies on urine holding tanks conducted at AiResearch have 
shown that within 24 hours the microbial count may be greater than IO8 organisms 
per milliliter. The daily addition of fresh urine to the holding tank ensures 
a fresh supply of nutrients to the organisms already present, as well as addi- 
tional micro-organisms. Large populations of micro-organisms in the urine 
storage vessel is a potential hazard. As indicated above, urine can support 
the growth of many types of micro-organisms, some of which may be pathogenic, 
while some, although not considered pathogenic, may produce disease under given 
conditions. Although effective containment of these microbial populations may 
be achieved, bacterial debris, in the form of cell wall components, may con- 
taminate the system and may be present in the product water. Such cell wall 
debris, if in high concentration, may result in pyrogenic effects. 
From the above discussion, it is imperative that efforts be made to either 
sterilize the urine in the storage vessel or to effectively curb bacterial 
growth, thus holding the numbers of micro-organisms to an acceptable minimum. 
There are a number of possible solutions to this problem: 
(a) Acid can be added to the urine to lower it to a pH of I to 2.  Most 
bacteria and fungi will not grow under these conditions. 
(b) Chemical disinfectants can be added to the urine. There are many 
chemical disinfectants and sterilants available; however, a careful 
analysis of their efficiency in urine would have to be carried out. 
The usefulness of such chemical poisons must be considered in terms 
of their effectiveness in the presence of organic matter, the con- 
centration required, the temperature and pH at which disinfection 
is carried out, the t h e  required for disinfection, and the effective 
life of the disinfectant. 
(c) The urine can be chilled to 2' to 4OC, which will effectively slow 
down microbial growth; however, refrigeration will be costly in terms 
of power penalties. 
(d) The urine can be sterilized with heat; however heating the urine to 
sterilizing temperature will affect its composition and will require 
a costly power input. 
The solution recommended by NASA is to check the growth of bacteria in ? 
the urine tank by the use of the following additive: 
H2S04, 39.8 percent 
Cr03, 9.8 percent 
CuS04, 3.1 percent 
H20, 47.3 percent 
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This mixture has been used successfully in the past, and can easily be intro- 
duced in the urine tank through the urinal during the urinal flush cycle. 
About 0.004 Ib of mixture/lb urine is recommended on the basis of previous work. 
Brine Storage Vessel 
Unchecked growth of micro-organisms in the brine tank is undesirable as 
it also serves as a potential source of microbial contaminants. However, the 
increase in concentration of solids in the brine may be an effective check on 
microbial growth. Studies conducted during the pilot plant runs of the IWRS 
have revealed two interesting points; ( I )  organisms isolated from the urine 
feed were also present in the brine and ( 2 )  increasing brine concentrations 
showed a concomitant decrease in the number of micro-organisms. This decrease 
may be due to a drop in water activity (the amount of free, unbound, water 
available for microbial growth has dropped to a value incompatible with meta- 
bolic activity) or may reflect a buildup either bacteriocidal or static, of 
toxic metabolites in the brine. Both factors may be operative. Data collected 
showed that as the solids in the brine attained a concentration greater than 
50 percent, the numbers of organisms decreased by more than 99.9 percent. 
Although the data in regard to checking microbial growth in the brine 
storage vessel are encouraging, some consideration should be given to a more 
positive form of sterilization. Chemical disinfectants and sterilants might 
be ineffective here due to the high concentrations of solids. 
Initial Sterilization 
Prior to the startup of the water recovery system, sterilization of the 
entire unit is necessary. The two approaches possible with respect to this 
problem are heat steri 1 ization and gas steril ization. 
Heat sterilization, using live stream, will effectively sterilize the 
entire system; this technique was used effectively on the breadboard system. 
A disadvantage to using either wet or dry heat would be the presence of any 
heat labile components. A l s o  a stream generator using considerable power will 
be necessary. 
Gas sterilization, using ethylene oxide as the sterilizing gas, is an 
excellent method. The time required for complete sterilization depends on 
the temperature and humidity of the system. Subsequent to such sterilization, 
the entire system should be flushed out with large quantities of sterile, 
distilled water. 
Sterility testing is performed by asceptically collecting water from 
various points in the system. This water is then filtered through bacteria 
retaining filters which are then placed on a suitable growth medium. 
Further investigations are required to determine the optimum approach 
to system sterilization. 
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Maintenance 
Should a f a i l u r e  i n  any p a r t  o f  the  water recovery system occur, necess i -  
t a t i n g  opening the  system and a l l o w i n g  p o s s i b l e  contaminat ion d u r i n g  repa i rs ,  
some means must be prov ided f o r  s t e r i l i z i n g  the  e n t i r e  recovery system or, as 
a minimum, the  p o r t i o n  o f  t he  system downstream o f  t he  c a t a l y t i c  reac to r .  
Here again, s tud ies  a r e  necessary t o  pe rm i t  s e l e c t i o n  o f  the  bes t  technique. 
Conclusions and Recommendations 
From the  above d iscuss ion,  two major problem areas are  ev iden t :  
s t e r i l i z a t i o n  o f  the  water  supp l i es  i n c l u d i n g  n o t  o n l y  ensur ing  s t e r i l i t y  o f  
t he  product  water  b u t  a l s o  maintenance o f  s t e r i l i t y  a long the  e n t i r e  water  
regenera t ion  system; and (2 )  d e t e c t i o n  and mon i to r i ng  o f  poss ib le  m i c r o b i a l  
contaminat ion.  The l a t t e r  problem area i s  o f  extreme importance, as f a i l u r e  
of the  s t e r i l i z a t i o n  process a t  any p o i n t  i n  the  system may no t  be immediately 
ev ident .  The d e t e c t i o n  systems used must be simple, accurate, and r a p i d  SO 
as t o  g i v e  t h e  crew con t inua l  mon i to r i ng  o f  t he  water suppl ies.  
( I )  
The method o r  methods used f o r  s t e r i l i z a t i o n  must meet c e r t a i n  requ i re -  
ments, i n c l u d i n g  broad spectrum o f  a c t i v i t y ,  minimal power requirement, no 
t h e  h e a l t h  and sa fe ty  o f  the  crew, no c o r r o s i v e  e f f e c t s  on the  water 
on system, and an e a s i l y  monitored opera t ion .  
damage t o  
regene r a  t 
Cons 
meter i n  
t i a l  s t e r  
a v a i l a b l e  
de ra t i ons  as t o  t h e  number o f  a l l owab le  v i a b l e  organisms pe r  m i l l i -  
he water  supply  a r e  s t i l l  open t o  quest ion.  
l i t y "  may be re laxed i n  the  fu tu re ,  when more i n fo rma t ion  becomes 
on man-microbe i n t e r a c t i o n s  i n  space environments. Changes i n  normal 
The c r i t e r i a  o f  "essen- 
f l o r a  under space c o n d i t i o n s  may induce a heightened s e n s i t i v i t y  t o  the  i n t a k e  
o f  even low numbers o f  micro-organism. A t  t h i s  time, t h e  l a c k  o f  such da ta  
does no t  war ran t  t h i s  conclus ion.  I t  i s  essent ia l ,  however, t o  ensure t h a t  
no b u i l d u p  o f  micro-organisms occurs w i t h i n  the  water  suppl ies,  as i n g e s t i o n  
o f  l a r g e  numbers o f  micro-organisms may produce sevzre g a s t r i c  upsets. There- 
fore,  as s t a t e d  above, t h e  major problems a r e  those o f  e f f e c t i v e l y  and s a f e l y  
s t e r i l i z i n g  t h e  water and a r a p i d  and accura te  means o f  mon i to r i ng  the  po tab le  
water  supp l i es  f o r  v i a b l e  micro-organisms. I t  should be noted t h a t  accumula- 
t i o n  o f  non-v iab le c e l l s  i n  the  water cou ld  be a p o t e n t i a l  hazard, e.g2 gram- 
negat ive  b a c t e r i a l  endotox ins may product  g a s t r i c  upsets and may a l s o  be 
pyrogeni c. 
S c r u t i n y  o f  t he  approaches discussed f o r  d e t e c t i o n  and mon i to r i ng  o f  the  
water  supp l i es  i n  regard t o  m i c r o b i a l  contaminat ion suggests t h a t  very  few o f  
these methods would be p r a c t i c a l .  Enzyme assays, an t igen-ant ibody  systems, 
and o x i d a t i o n  reduc t i on  reac t i ons  r e q u i r e  c a r e f u l l y  c o n t r o l l e d  c o n d i t i o n s  f o r  
v a l i d  r e s u l t s  and r e q u i r e  t ime and l a b o r a t o r y  space. On long-term missions, 
t h e  l a b i l i t y  o f  t he  reagents used, e s p e c i a l l y  enzymes and an t ibody  prepara- 
t ions,  could be a l i m i t i n g  f a c t o r .  A t  t h i s  time, t h e  method o f  choice appears 
t o  be a p a r t i c l e  counter  used t o  check b a c t e r i a  growth on a sample t o  which 
s u i t a b l e  n u t r i e n t s  have been added. De tec t i on  o f  low numbers of organisms 
by  enzyme o r  immunological techniques would be a f o r t u i t o u s  event; however, 
w i t h  a p a r t i c l e  counter, l a r g e  volumes o f  water cou ld  be sampled i n  a r e l a -  
t i v e l y  sho r t  pe r iod  o f  t ime w i t h  accura te  readout. 
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The f o l l o w i n g  recommendations a r e  made from t h e  d i scuss ions  g i ven  above: 
(a )  A thorough s tudy  should be made f o r  c o n t r o l l i n g  m i c r o b i a l  growth 
i n  t h e  u r i n e  s to rage vessels. 
(b )  U r i n e  b r i n e  concent ra tes  should be t e s t e d  t o  determine i f  such 
concent ra tes  a r e  b a c t e r i c i d a l  o r  s t a t i c .  A v a i l a b l e  da ta  would 
suggest a b a c t e r i c i d a l  p roper t y ;  however, a d d i t i o n a l  s tudy  is 
necessary. (Also, can fung i  t h r i v e  and grow i n  these b r i n e  
concen t r a t e s ?  ) 
( c )  To ensure s t e r i l i t y  o f  t he  water recovery system downstream of 
t h e  phase separa t i on  step, s i l v e r  i o n  generators should be plumbed 
i n  a t  va r ious  c r i t i c a l  p o i n t s ;  i.e., downstream and upstream of 
va lves  which, i f  contaminated, may lead t o  contaminat ion i n  the  
p o t a b l e  water  s to rage vessels. 
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WATER COLLECTION, TRANSFER, AND STORAGE 
I n t r o d u c t i o n  
P r e l i m i n a r y  des ign  s t u d i e s  were conducted on a l l  equipment concerned w i t h  
c o l l e c t i o n ,  t rans fer ,  and s to rage  o f  waste, reclaimed water, and brine, and 
p r e l i m i n a r y  s p e c i f i c a t i o n s  were prepared f o r  each system component. These 
s p e c i f i c a t i o n s  a r e  presented i n  Appendix A. The f o l l o w i n g  paragraphs a r e  con- 
cerned w i t h  o v e r a l l  water  balance, based on data g i ven  i n  t h e  work statement, 
and w i t h  s i z i n g  o f  t h e  system tanks. Reference i s  made t o  Appendix A f o r  t h e  
r e s u l t s  o f  t h i s  t a s k  i n v o l v i n g  o t h e r  components. 
Water Balance 
F igu re  3-38 presents  a summary o f  a d a i l y  water balance f o r  t h e  IWRS. 
The u r i n e  and the  wash water recovery systems a r e  considered together .  The 
water balance was used t o  determine the  spacecra f t  makeup po tab le  water  re- 
quirement and t h e  s to rage tank  c a p a c i t y  f o r  t h e  process l i q u i d s .  
The water  balance was based on the  f o l l o w i n g  requirements and guide1 ines:  
Number o f  men 3 
D r i n k i n g  water  and food prepara t ion ,  lb/(man-day) 6.13 
Water o f  ox ida t i on ,  lb/(man-day) 0.66 
U r i n e  water ( p l u s  r i n s e  water), lb/(man-day) 3.45 (2.00) 
Fecal water, lb/(man-day) 0.25 
Wash water, Ib/(man-day) 5.45 
P e r s p i r a t i o n  and r e s p i r a t i o n  water, lb/(man-day) 3.09 
Resupply i n t e r v a l ,  days 90 
Nomi na 1 wate r recovery rate, 1 b/hr I .o 
Minimum water recovery e f f i c i e n c y ,  percent  95 
The in te rmed ia te  water  recovery system i s  requ i red  t o  process 42.55 
lb/day o f  waste l i q u i d .  O f  t he  t o t a l ,  9.27 lb/day i s  p r e t r e a t e d  condensate; 
t h i s  water r e q u i r e s  s t e r i l i z a t i o n  o n l y  by means of a s i l v e r  ion genera tor  
be fo re  be ing  t r a n s f e r r e d  t o  the  on-board po tab le  water  supply. The remainder 
(33.28 lb ) ,  which i s  processed by t h e  two p a r a l l e l  water  recovery systems, 
c o n s i s t s  o f  16.35 lb/day o f  wash water, 10.35 lb/day o f  u r i n e  water, 0.58 l b /  
day o f  wash water  and u r i n e  so l ids ,  and 6 lb/day of  u r i n e  r i n s e  water. 
The u r i n e  was considered t o  c o n t a i n  5 percent so l  i ds  and the  wash water  was 
considered t o  c o n t a i n  0.18  percent s o l i d s .  With these s o l i d s  contents, t h e  t o t a l  
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9.27 L B  
EXCESS WATER 
NE R I N S E  WATER 
TOTAL WATER CONSUMPTION 
NONRECOVERABLE 
NONRECOVERABLE 
0.03 L B  S O L I D  
0 
F igure  3-38. System Water Balance on a D a i l y  Basis 
WASH WATER Loop 
TOTAL INPUT, 16.38 LB U R I N E  RECOVERY LOOP TOTAL INPUT, 16.90 L B  (16.35 L B  
WATER, 0.55 L B  SOLIDS) LB WATER' 0'03  LB SOLI DS 1 
WATER RECOVERED A T  WATER RECOVERED A T  
98% E F F I C I E N C Y  95% E F F I C I E N C Y  
16.05 L B  
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i n p u t  t o  t h e  ur ine recovery and wash water recovery systems was calculated t o  
be 16.90 lb/day and 16.38 lb/day, respect ively.  A t  a m i n i m u m  urine recovery 
e f f ic iency  of 95 percent, a wash water recovery of 98 percent, and 100 percent 
condensate recovery a t o t a l  of 40.85 l b  of water should be reclaimed dai ly .  
T h e  remaining 1 . 1 2  l b  is l o s t  i n  t h e  br ine waste t ransferred t o  t h e  b r i n e  
s torage tank and i n  t h e  gas v e n t e d  overboard. Up t o  0.54 lb/day of water loss 
through t h e  recovery system v e n t s  i s  allowed. 
Since t h e  t o t a l  recovered water is 40.33 lb/day (31.06 l b  of reclaimed 
water and 9.27 l b  of s t e r i l i z e d  h u m i d i t y  condensate) while a t o t a l  of 40.74 
l b  of water is consumed, there  w i l l  be a da i ly  shortage of 0.41 l b .  Over a 
90-day period t h i s  shortage w i l l  amount t o  37 l b .  To o f f s e t  t h i s  condition, 
the spacecraf t  potable water s u p p l y  (not par t  of t h e  water recovery system) 
m u s t  include t h i s  amount of makeup water o r  the water m u s t  be  provided by 
another subsys t em w i t h i n  the  spacecraf t .  
To e f f e c t  a water balance without any makeup potable water, the wash 
water recovery system m i n i m u m  e f f ic iency  m u s t  be 97.5 percent, corresponding 
t o  a vapor loss  through the overboard vent of 0.38 lb/day. 
reasonable since t h e  u r i n e  recovery u n i t  vent is 0.27 lb/day. 
T h i s  appears 
Calculations show tha t  operating w i t h  a 1.5 psia v e n t  pressure w i l l  
r e su l t  i n  a v e n t e d  water loss of about 0.007 l b / h r  o r  0.168 lb/day. For 
t h i s  case, the concentration of noncondensible gases a t  the in l e t  of the 
heater-condenser i n  the u r i n e  recovery sys t em is estimated a t  a maximum of 
I percent. A t  t h i s  v e n t  rate,  t h e  recovery e f f ic iency  fo r  the u r i n e  recovery 
system is 95.6 percent. 
I t  is believed t h a t  t h e  material  balance of F i g u r e  3-35 is conservative 
i n  terms of makeup water requirement. T h e  95-percent water recovery effec-  
t iveness  from u r i n e  i s  w i t h i n  t h e  IWRS c a p a b i l i t i e s ;  however, t h e  wash water 
recovery u n i t  should yield a higher overal l  e f f ic iency  because of the smaller 
quant i ty  of so l id s  i n  the wash water. 
Waste Water Storaqe Tank Sizinq 
T h e  urine (and wash water) storage tank is sized t o  hold a two-day s u p p l y  
of waste water. A t  the s t a r t  of operation and i n  normal operation the tank 
content w i l l  correspond t o  a I-day production of waste water. I n  t h i s  manner, 
should the waste water co l lec t ion  u n i t  f a i l ,  the tank w i l l  maintain normal 
( o r  reduced) waste water flow t o  the reclamat ion. u n i t ,  t h u s  preventing s h u t -  
down. Similarly,  should be  reclamation u n i t  f a i l ,  a one-day capacity is 
ava i lab le  while maintenance ac t ion  is e f fec ted .  
The u r i n e  (and wash water)  co l lec t ion  tank required capacity is estimated 
3 a t  37.6 l b  (0.6 f t  ) including 15 percent ullage.  
To assure expulsion, tank pressure w i l l  be maintained a t  4.5 psia nom- 
inal by a bladder pressurized w i t h  nitrogen. 
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Assuming 5 d a i l y  m i c t u r a t i o n s  per  man, 324 cc  o f  u r i n e  i s  produced per  
m i c t u r a t i o n .  Th is  amount, p l u s  183 cc o f  r i n s e  water, w i l l  e n t e r  t he  u r i n e  
supply  tank  causing the  expu ls ion  pressure t o  increase. 
3 
tank  i s  i n i t i a l l y  h a l f  f i l l e d  a t  0.3 f t  , the expu ls ion  pressure w i l l  increase 
from 4.5 p s i a  t o  4.77 ps ia  when the  507 cc o f  u r i n e  and r i n s e  water i s  ad- 
m i t t e d  t o  the  tank. The re1 i e f  pressure f o r  t he  tank  i s  about 7.0 ps ia  nom- 
i n a l .  Therefore, t he re  w i l l  be no l oss  o f  n i t r o g e n  through pressure r e l i e f  
as a r e s u l t  of l i q u i d  i n f l o w .  Approx imate ly  6 l b  o f  l i q u i d  needs t o  be 
pumped i n t o  the  tank  a t  once t o  r a i s e  the  pressure t o  the  7 ps ia  r e l i e f  l e v e l .  
I f  the  u r i n e  supply  
Reclaimed Water Tank S i z i n q  
Two rec la imed water  tanks a r e  used i n  each water  recovery u n i t .  One 
tank  i s  f u l l  and on h o l d  w h i l e  the  o t h e r  i s  be ing f i l l e d .  
Once a tank  i s  f i l l e d  i t  i s  disconnected f rom the  system and a sample 
o f  the  recovered water  i s  taken f o r  b a c t e r i o l o g i c a l  ana lys i s .  A minimum 
p e r i o d  o f  18 h r  i s  necessary t o  per form the  b a c t e r i o l o g i c a l  ana lys i s .  There- 
fore, each t a n k  i s  s i zed  f o r  a t  l e a s t  a one-day supply  o f  rec la imed water. 
I f ,  a t  the  end o f  t he  24-hr h o l d i n g  per iod,  the  water  i s  found acceptable 
f o r  consumption, the  f u l l  tank i s  connected t o  the  v e h i c l e  water supply, and 
the  rec la imed water i s  t r a n s f e r r e d  t o  the  v e h i c l e  water  s torage system. If 
water  i s  found unacceptable, then i t  i s  recyc led  f o r  f u r t h e r  processing. 
A l t e r n a t e l y ,  an a d d i t i v e  ( b a c t e r i c i d e )  cou ld  be in t roduced i n t o  the  tank  t o  
s t e r i l  i ze  t h e  water be fo re  t r a n s f e r  t o  t h e  v e h i c l e  system. 
Whi le one tank i n  on hold, t he  second tank  i s  connected t o  the  IWRS 
and i s  be ing  f i l l e d .  
Return ing  the  unacceptable water  t o  the  waste water  tank  f o r  reprocess- 
i n g  w i l l  necess i ta te  t h a t  t he  recovery r a t e  be increased t o  r e e s t a b l i s h  tank  
conten t  balance. 
w i  1 1  have t o  be s t e r i  1 ized.  S t e r i l i z a t i o n  of t ank  contents  be fo re  t r a n s f e r  
appears t o  be the  most a t t r a c t i v e  s o l u t i o n .  The optimum approach t o  tank  
s t e r i l i z a t i o n  requ i res  f u r t h e r  i n v e s t i g a t i o n s .  
Furthermore, t he  tank  and l i n e s  o f  the  contaminated tank  
The rec la imed water  tank  is designed w i t h  a 30-percent margin f o r  over-  
capac i t y  and u l l age .  Overcapaci ty  i s  necessary i f  water  i s  processed a t  a 
r a t e  h ighe r  than design due t o  p rev ious  ma l func t i on  o f  the rec lamat ion system. 
The rec la imed water tanks ( 2  pe r  u n i t )  have a t q t a l  c a p a c i t y  o f  20 l b  o f  
water  corresponding t o  a volume o f  0.327 f t  . 3 
Br ine  Storaqe Tank S i z i n g  
The s i z e  o f  waste s to rage tanks f o r  the  u r i n e  and the  wash water  b r i n e s  
a re  n o t  common due t o  the  much smal le r  amount of  waste b r i n e  ou tpu t  f rom the  
wash water recovery system. For the  u r i n e  recovery system, the tank  s i z e  was 
based on the  s torage requirement f o r  u r i n e  br ine,  c o n t a i n i n g  50 percent  
s o l i d s .  The u r i n e  b r i n e  waste tank  w i l l  be rep laced every 90 days. There- 
- fore,  90-day capac i t y  p l u s  15 percent  f o r  u l l a g e  were used t o  determine the  
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3 
tank  s ize .  The usable tank  s i z e  was c a l c u l a t e d  as 1.31 f t  . A l l o w i n g  f o r  
ul lage, the  design tank  s i z e  i s  1.51 f t  . 3 
I t  i s  es t imated  t h a t  a t  t he  end o f  90 days, approx imate ly  5.4 l b  o r  
0.09 f t  o f  wash water  waste b r i n e  w i l l  be c o l l e c t e d .  Adding 15 percent  f o r  
u l lage,  the des ign tank  s i z e  i s  0.102 f t  , which i s  s l i g h t l y  over I O  t imes 
smal le r  than the  waste tank  f o r  t he  u r i n e  recovery system. A spher i ca l  t ank  
o f  about 7.5 i n .  i n  d i a  cou ld  be used t o  s t o r e  the  wash water waste b r ine .  
An a l t e r n a t i v e  would be t o  use a tank  s i m i l a r  t o  the  reclaimed water  h o l d i n g  
tank  w i t h  i t s  0.26 f t  usable capac i ty .  Replacement can be accomplished 
every 180 days ins tead o f  every  90 days. I t  i s  recommended t h a t  t h e  two 
b r i n e  tanks be made i d e n t i c a l  so t h a t  t h e  wash water  rec lamat ion system can 
serve as a backup t o  the  u r i n e  rec lamat ion  u n i t  i n  the  event o f  a f a i l u r e  
which cannot be repa i  red. 
3 
3 
3 
Pretreatment F l u i d  Tank S i z i n q  
The pre t rea tment  f l u i d  used w i t h  t h e  u r i n a l  r i n s e  water i s  composed, by 
weight  percent, o f  t he  f o l l o w i n g  c o n s t i t u e n t s :  
H2S04, 39.8 percent  
Cr03, 9.8 percent  
CuS04, 3.1 percent  
Water, 47.3 percent  
About 0.004 l b  o f  t h i s  m i x t u r e  i s  
feed o r  wash water. Over a 90-day per  
t reatment  requ i red  i s  about 7 l b  o r  0. 
tank  can be used t o  s t o r e  the  b a c t e r i c  
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SECTION 4 
SYSTEM DESIGN AND DEVELOPMENT 
INTRODU CT I O N  
The IWRS as de f i ned  i n  t h e  NASA statement o f  work incorporates t h e  
f o l l o w i n g  subsystems: 
( a )  U r i n e  c o l l e c t i o n  and t r a n s f e r  
( b )  U r i n e  s torage and processing 
( c )  
( d )  
Wash water  s to rage  and process ing 
Potable water  c o l l e c t  ion and s torage 
Previous work conducted under'  company IR&D and NASA funds was e n t i r e l y  con- 
cerned w i t h  t h e  water process ing p o r t i o n  o f  t h e  u n i t  on ly .  
concerned w i t h  system conceptual des ign and w i t h  t h e  development o f  a p i l o t  
p l a n t  t o  demonstrate system f e a s i b i l i t y  and assess major process parameters. 
Under t h a t  program t h e  f l a s h  evaporat ion-vapor p y r o l y s i s  approach was found 
t o  be eminen t l y  s a t i s f a c t o r y  f o r  t h e  recovery o f  water  f rom u r i n e  a t  h i g h  
e f f e c t  iveness. 
E a r l y  work was 
The f o l l o w i n g  phase o f  t h e  program conducted under NASA sponsorship 
(Task A o f  c o n t r a c t  NAS 9-8460) i nvo l ved  t h e  development o f  breadboard hard- 
ware f o r  i n c o r p o r a t i o n  i n  t h e  p i l o t  p l a n t .  That program culminated i n  system 
l e v e l  t e s t s  which demonstrated t h e  soundness of most hardware approaches 
se lected.  
and t e s t i n g .  
Recommendat ions were made f o r  f u r t h e r  breadboard system upgrading 
The c u r r e n t  programs (Task  B o f  NAS 9-8460 and NAS 9-9981) were a con- 
t i n u a t i o n  o f  $he work done p r e v i o u s l y  and were concerned w i t h  ( I )  the  p r e l i m -  
i n a r y  design o f  a l l  t h e  subsystems l i s t e d  above, and ( 2 )  the  upgrading o f  t h e  
b readboa r d  t e s t  un i t . 
. 
i n  t h e  'development o f  a performance p r e d i c t  ion computer program f o r  t h e  water  
rec lamat ion p o r t i o n  o f  t h e  system. T h i s  program.was employed t o  i n v e s t i g a t e  
t h e  complex ' i n t e r a c t i o n s  between t h e  system components and t o  d e f i n e  o v e r a l l  
system o p e r a t i o n a l  parameters. Much o f  t h e  a n a l y s i s  performed used t h e  com- 
ponent/system t e s t  data as a bas is .  
The p r e l  iminary des ign e f f o r t  i nvo l ved  system analyses which r e s u l t e d  
P r e l i m i n a r y  r e l i a b i l i t y  a n a l y s i s  were conducted t o  i d e n t i f y  s i n g l e  p o i n t  
f a i l u r e  which would endanger t h e  system and t h e  crew. 
guide1 ines were evolved. As a r e s u l t  o f  these re1 i a b i l  i t y - m a i n t a i n a b i l  i t y  
studies,  redundant components were de f i ned  and ins t rumen t ion  and o t h e r  equip- 
ment were added t o  t h e  system schematic f o r  t h e  purpose o f  f a u l t  d e t e c t i o n  
and t h e  performance o f  t h e  maintenance tasks.  
A lso m a i n t a i n a b i l i t y  
AIRESEARCH MANUFACTURING COMPANY 
Los Angels. California 
70-7018, Rev. I 
Page 4- I 
A system s p e c i f i c a t i o n  was prepared as p a r t  o f  t h i s  a n a l y t i c a l  e f f o r t .  
The s p e c i f i c a t i o n  a l s o  i nc ludes  t h e  u r i n e  c o l l e c t i o n  and t r a n s f e r  subsystem. 
The d e s c r i p t i o n  o f  t h e  system evolved w i t h  i t s  major c h a r a c t e r i s t i c s  a r e  pre- 
sented i n  Sec t i on  2. Performance o p t i m i z a t i o n  data a r e  discussed i n  t h i s  
sect  i on. 
The system development e f f o r t  was i n i t i a l l y  concerned w i t h  minor modif-  
i c a t i o n s  o f  t h e  breadboard u n i t  used i n  t h e  prev ious phase o f  t h e  program 
t o  c o n f i r m  t e s t  data and t o  e l u c i d a t e  c e r t a i n  system anomalies which were 
observed under Task A. 
o f  t h e  t e s t  data obta ined i n d i c a t e d  t h a t  t h i s  system was inadequate a t  t h i s  
stage o f  t h e  I W R S  development. These t e s t s  i d e n t i f i e d  t h e  necess i t y  f o r  com- 
ponent l e v e l  t e s t s  and a l s o  f o r  a new breadboard u n i t .  Th i s  upgraded u n i t  
demonstrated t h e  c a p a b i l i t y  o f  the  system t o  produce water  o f  a h i g h  q u a l i t y .  
A l so  t h e  performance c a p a b i l i t i e s  o f  t h e  system and o f  i t s  components were 
s u c c e s s f u l l y  v e r i f i e d .  
T e s t i n g  o f  t h i s  e a r l y  breadboard system and a n a l y s i s  
Much component data were gathered d u r i n g  t h e  system l e v e l  t e s t  program. 
These data a r e  discussed i n  Sect ion 3. It i s  important t o  no te  here t h a t  
t h e  i n t e r a c t  ions between t h e  water process ing system components a r e  ve ry  com- 
p l e x  and t h a t  component t e s t  data a n a l y s i s  can o n l y  be done i n  t h e  l i g h t  o f  
t h e  o v e r a l l  system operat ion.  The system computer program i s  a v e r y  va luab le  
t o o l  i n  r e l a t i n g  t h e  performance c h a r a c t e r i s t i c s  o f  a l l  these components and 
i n  r e s o l v i n g  component i n t e r a c t  ions. 
This r e p o r t  s e c t i o n  summarizes system l e v e l  a c t i v i t i e s .  The development 
work conducted on t h e  f i r s t  breadboard system and on t h e  upgraded u n i t  i s  pre-  
sented f i r s t .  The r e s u l t s  o f  t h e  system Opt im iza t i on  s tud ies  a r e  a l s o  given. 
EARLY BREADBOARD SYSTEM TESTS 
Task A of Contract  NAS 9-8460 concluded w i t h  a s e r i e s  o f  t e s t s  on t h e  
breadboard system developed by upgrading t h e  I R & D  p l l o t  p l a n t .  
e f f o r t s  under Contract  NAS 9-9981 were concerned w i t h  f u r t h e r  upgrading o f  
t h i s  u n i t  and w i t h  system l e v e l  t e s t i n g .  The o b j e c t i v e s  o f  t h i s  t e s t  program 
was t o  c o n f i r m  t h e  r e s u l t s  o f  Task A and t o  i n v e s t i g a t e  apparent anomalies 
i d e n t i f i e d  under Task A. The t e s t  program was designed t o  p r o v i d e  a d d i t i o n a l  
component and system data t o  be used i n  system a n a l y s i s  and t o  p r o v i d e  guid- 
ance f o r  component development e f f o r t s .  S p e c i f i c a l l y  t h e  t e s t  program scope 
invo lved  c o l l e c t i o n  o f  t h e  f o l l o w i n g  data 
The f i r s t  
(a )  D e t a i l e d  heat t r a n s f e r  data f o r  e v a l u a t i o n  o f  heat exchanger 
performance and o v e r a l l  system heat balance 
(b)  
( c )  
V isual  obse rva t i on  o f  t h e  spray p a t t e r n s  i n  t h e  phas'e separator  
Operat ional  v e r i f i c a t i o n  o f  t h e  l e v e l  and d e n s i t y  c o n t r o l  system 
ml AIRESEARCH MANUFACTURING COMPANY 
Los Angeler, California 
70-7018, Rev. I 
Page 4-2 
(d)  Data t o  support t radeo f f  s t u d i e s  o f  charcoal  bed and c a t a l y t i c  
o x i  d i zer  
( e )  System performance w i t h  t h e  diaphragm compressor 
Test Setup 
The - e a r l y  breadoard system t e s t  setup i s  shown schemat i ca l l y  i n  F igu re  4-10 
F igu re  4-2 i s  a photograph o f  t h e  u n i t  w i t h  t h e  vane compressor. To accom- 
p l i s h  t h e  t e s t  program o b j e c t i v e s  l i s t e d  above, t h e  f o l l o w i n g  m o d i f i c a t i o n s  
were i nco rpo ra ted  i n  t h e  breadboard u n i t .  
I n s t a l l a t i o n  o f  a f lowmeter and a d d i t i o n a l  temperature sensors i n  
t h e  b r i n e  loop t o  gather  thermodynamic performance data f o r  the  
heater-condenser and the  e n t i  r e  recovery system 
M o d i f i c a t i o n  of  t h e  separator  w i t h  t h e  o u t e r  cas ing f a b r i c a t e d  o f  
of P1 ex i g 1 ass, so t h a t  t h e  sepa r a t  ion  phenomenon cou 1 d be observed 
v i s u a l l y  
P rov i s ions  f o r  i n s t a l  l a t  ion  o f  t h e  diaphragm compressor 
Repair  o f  t h e  e l e c t r o n i c  u n i t  o f  t h e  l e v e l  of d e n s i t y  c o n t r o l  
system 
I n c o r p o r a t i o n  o f  a sma l le r  charcoal  bed 
Test Resul ts  
Wi th these m o d i f i c a t i o n s ,  t h e  f o l l o w i n g  s e r i e s  o f  t e s t s  were planned: 
(a)  Test o f  t h e  system w i t h  t h e  vane compressor w i t h  water t o  determine 
system thermal parameters 
Test o f  t h e  system w i t h  water and t h e  diaphragm compressor t o  
determine system thermal parameters as a f u n c t i o n  o f  condenser 
vent pressure 
(b)  
( c )  Test o f  t h e  system w i t h  u r i n e  t o  determine separator  performance, 
o b t a i n  a d d i t i o n a l  thermal performance data, and evaluate t h e  
performance o f  t h e  c a t a l y t i c  r e a c t o r  and t h e  charcoal  bed 
The i n i t i a l  t e s t  was conducted u s i n g  t h e  vane compressor. T h i s  was t h e  
f i r s t  t e s t  i n  which t h e  b r i n e  loop was instrumented f o r  f l o w  and temperature. 
The purpose o f  t h e  t e s t  was t o  v e r i f y  t h e  i ns t rumen ta t i on  and t o  a s c e r t a i n  
system thermal balance. The r e s u l t s  o f  t h e  t e s t  a r e  summarized below, w i t h  
t h e  s i g n i f i c a n t  system l e v e l  observat ions.  
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(a )  
(b)  
System achieved s t a b l e  o p e r a t i o n  a f t e r  f i v e  hours o f  o p e r a t i o n  
A 45-watt hea te r  i n  t h e  b r i n e  loop was r e q u i r e d  t o  m a i n t a i n  s t a b l e  
ope r a t  ion 
Water p roduc t i on  r a t e  was 1.04 l b / h r  ( c )  
(d )  
(e )  
Thermal balance i n  t h e  b r i n e  loop was achieved 
Condenser i n l e t  was a t  s a t u r a t i o n  temperature 
These r e s u l t s  v e r i f i e d  t h e  accuracy o f  t h e  i ns t rumen ta t i on  i n  t h a t  a net 
system thermal balance was achieved. The f a c t  t h a t  a t r i m  heater  was requ i red  
i n  t h e  b r i n e  loop and t h a t  t h e  steam i n l e t  t o  t h e  condenser was sa tu ra ted  
suggested t h a t  l a r g e  q u a n t i t i e s  o f  thermal energy were l o s t  t o  ambient through 
h i g h  leak  i n  t h e  l i n e s  and components. Also, i n  s p i t e  o f  t h e  r e l a t i v e l y  h i g h  
power consumption o f  t h e  compressor (approx imate ly  100 wat ts) ,  t h e r e  was s u f -  
f i c i e n t  heat loss i n  t h e  vapor s i d e  o f  t h e  system t o  cool  t h e  vapor t o  t h e  
condensing temperature b e f o r e  it entered t h e  condenser. Th i s  t e s t  a l s o  i n -  
d i c a t e d  t h a t  t h e  condenser performance was adequate, a t  l e a s t  a t  low b r i n e  
concent r a t  ions. 
The diaphragm compressor was i n s t a l l e d  i n  t h e  breadboard u n i t  i n  p lace  
of t h e  vane compressor, and breadboard t e s t i n g  was repeated. The r e s u l t s  
were s i m i l a r  t o  those o f  t h e  f i r s t  t e s t  w i t h  t h e  excep t ion  t h a t  a hea te r  se t  
a t  approx imate ly  25 w a t t s  was requ i red  on t h e  compressor i t s e l f  i n  o r d e r  t o  
prevent condensation i n  t h e  compressor, T h i s  was due t o  t h e  much l a r g e r  
area and lower power consumption (approx imate ly  50 wa t t s )  o f  t h e  diaphragm 
compressor. F igu re  4-3 shows t h e  r e s u l t s  o f  t h i s  t e s t .  S i g n i f i c a n t  r e s u l t s  
f rom t h i s  t e s t  a r e  summarized below: 
( a )  
(b )  Water p roduc t i on  r a t e  was 1.03 l b / h r  
( c )  
(d)  
70 w a t t s  o f  t r i m  heaters  were r e q u i r e d  t o  s u s t a i n  s t a b l e  o p e r a t i o n  
c 
Thermal balance i n  t h e  b r i n e  loop was achieved 
Condenser i n l e t  was a t  s a t u r a t i o n  temperature 
The r e s u l t s  o f  t h i s  t e s t  conf i rmed t h e  e a r l i e r  conc lus ion o f  h i g h  system 
heat losses. For t h i s  t e s t ,  approx imate ly  30 percent o f  t h e  energy added t o  
t h e  b r i n e  loop was l o s t  through heat leak. A d d i t i o n a l  t e s t s  a t  o t h e r  condenser 
pressures v e r i f i e d  t h e  heat loss as be ing  p r o p o r t i o n a l  t o  system o p e r a t i n g  
temperature l e v e l  e 
Fo l low ing  t e s t i n g  w i t h  water, u r i n e  was used t o  observe t h e  o p e r a t i o n  o f  
t h e  separator,  expand t h e  system thermal performance data a t  h i g h e r  b r i n e  con- 
cen t ra t i ons ,  and o b t a i n  data on charcoal  and c a t a l y s t  bed performance. Dur ing 
these tes ts ,  several  d e t a i l s  o f  system and component performance became apparent, 
as discussed below. . 
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Visual  observat ions of t h e  separator  d u r i n  s t a r t u p  and steady s t a t e  
operat  ion  revealed two s i g n i f i c a n t  phenomena: 
s t a r t u p  and ( 2 )  d i r e c t  spray impingement on t h e  demistor. 
a t t r i b u t e d  t o  gases, which were d i s s o l v e d  i n  t h e  ur ine,  coming out  as t h e  
pressure o f  t h e  u r i n e  was lowered. It was discovered t h a t  t h e  amount o f  foam- 
i n g  could be c o n t r o l l e d  by t h e  pumpdown r a t e  o f  t h e  system on s t a r t u p .  
d i r e c t  impingement o f  spray on t h e  demiator '  appeared t o  be t h e  p r imary  source 
o f  l i q u i d  phase ca r ryove r  d u r i n g  s teady-state o p e r a t i o n  o f  t h e  system. 
observat ions e s t a b l i s h e d  t h e  spray as o r i g i n a t i n g  f rom t h e  p i t o t  t ube  and t h e  
b r i n e  r e t u r n  tube. 
cou ld  lead t o  a s u b s t a n t i a l  reduc t i on  i n  s teady-state l i q u i d  phase carryover .  
Ba f f l e  development was pursued a t  t h e  component l e v e l  (see Sect ion 3). 
9 I )  excessive foaming d u r i n g  
The foaming was 
The 
Visual  
These observat ions suggested t h a t  b a f f l  i n g  t h e  separator  
The thermal performance o f  t h e  system w i t h  u r i n e  was cons is ten t  w i t h  i t s  
performance w i t h  water.  I t  should be noted however, t ha t  t h i s  was t o  be ex- 
pected as t h e  b r i n e  concen t ra t i on  d u r i n g  these t e s t s  d i d  not  exceed approx i -  
mate ly  15 percent a t  any t ime. A t  t h i s  time, i t  was f e l t  t h a t  f u r t h e r  t e s t i n g  
a t  h i g h e r  concen t ra t i ons  would be o f  l i t t l e  va lue  f o r  t h e  thermal performance 
a n a l y s i s  s i n c e  t h e  t e s t  r i g  i 'ntroduced a s u b s t a n t i a l  u n c e r t a n i n t y  i n t o  t h e  r e -  
s u l t s  due t o  t h e  h i g h  heat losses t o  ambient. 
Dur ing o p e r a t i o n  w i t h  ur ine,  an at tempt was made t o  operate w i t h  t h e  
steam pass ing through t h e  c a t a l y s t  bed. 
t h i s  manner, it became apparent t h a t  t h e  c a t a l y s t  bed had i n s u f f i c i e n t  f l o w  
c a p a c i t y  t o  a l l o w  o p e r a t i o n  a t  t h e  des i red  f l o w  r a t e  o f  approx imate ly  I lb /hr .  
Because o f  t h i s ,  and t h e  r e c o g n i t i o n  t h a t  any r e s u l t s  of t h i s  t e s t  would be 
sub jec t  t o  s i g n i f i c a n t  e r r o r  due t o  t h e  l a r g e  discrepancy i n  c a t a l y s t  bed 
space v e l o c i t i e s ,  c a t a l y s t  bed t e s t i n g  was no longer  pursued a t  t h e  system 
l e v e l .  Likewise, data on t h e  abso rp t i on  o f  contaminants i n  t h e  charcoal  bed 
was d e f e r r e d  u n t i l  t h e  separator  ca r ryove r  r a t e s  were reduced t o  a more 
reasonable leve l ,  a l l o w i n g  a more r e a l i s t i c  eva lua t i on .  
A f t e r  a s h o r t  p e r i o d  of o p e r a t i o n  i n  
Dur ing t h i s  p e r i o d  o f  t e s t i n g ,  system a n a l y s i ?  e f f o r t s  had revealed t h e  
d e s i r a b i l i t y  o f  a semi-batch b r i n e  c o n t r o l  system such as descr ibed i n  Sect ion 
3. I n c o r p o r a t i o n  o f  t h i s  scheme would r e q u i r e  m o d i f i c a t i o n  o f  t h e  d e n s i t y  con- 
t r o l  l o g i c  u n i t .  For t h i s  reason, t h e  o p e r a t i o n  o f  t h e  d e n s i t y  c o n t r o l  system 
was not f u l  l y  tested.  The l e v e l  c o n t r o l  system func t i oned  s a t i s f a c t o r i l y  
d u r i n g  these t e s t s .  
Conclusions and Recommendations 
. \  
Tests o f  t h e  e a r l y  breadboard system, t o g e t h e r  w i t h  concurrent system 
analyses, revealed t h a t  a new course o f  a c t i o n  should be taken i f  t h e  o b j e c t i v e s  
o f  t h e  development program (NAS 9-9981) were t o  be met. 
program should be r e o r i e n t e d  t o  i nc lude  t h e  f o l l o w i n g  t e s t s :  
S p e c i f i c a l l y  t h e  
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(a )  The breadboard system should be repackaged t o  overcome t h e  problem 
o f  heat losses t o  ambient 
(b )  Component t e s t i n g  o f  t h e  separa tor  should be conducted t o  e s t a b l  i s h  
q u a n t i t a t i v e  data on car ryover  and t h e  e f f e c t  o f  va r ious  b a f f l e  
arrangements 
( c )  The l e v e l  and d e n s i t y  c o n t r o l  system should be mod i f i ed  t o  incorpo- 
r a t e  t h e  semi-batch c o n t r o l  scheme 
(d)  
( e >  
The c a t a l y s t  bed should be redesigned t o  reduce pressure drop 
Selected components (separator ,  condenser, and compressor) should 
be i n s u l a t e d  t o  min imize heat losses 
UPGRADED BREADOBARD SYSTEM TEST 
As a r e s u l t  o f  t h e  system t e s t s  conducted under Task A o f  Contract  
NAS 9-8460 and i n  t h e  e a r l y  p a r t  o f  Contract  NAS 9-9981, t h e  d e c i s i o n  was 
made t o  upgrade t h e  breadboard system t o  reduce heat losses from t h e  l i n e s  
and the  majorcomponents and t o  min imize 1 i ne  pressure  drops. Also, system 
data generated i n d i c a t e d  t h e  need f o r  more comprehensive and more accura te  
i ns t rumen ta t i on  t o  enable b e t t e r  assessment o f  system and component thermo- 
dynamic performance. F i n a l l y ,  t h e  e x i s t i n g  t e s t  u n i t  requ i red  major  mod- 
i f i c a t i o n s  f o r  t he  i n s t a l l a t i o n  of  a new compressor and c a t a l y t i c  reac tor .  
Fo l l ow ing  l i m i t e d  component development t e s t  and concurrent  system 
analyses, a new breadboard was assembled and instrumented. 
o f  system shake-down runs t o  i r o n  o u t  component and ins t rumen ta t i on  problems, 
the  system was operated us ing  water  as the  work ing f l u i d .  P re l im ina ry  t e s t s  
were then conducted w i t h  ur ine,  p r i o r  t o  the s t a r t  o f  a 5-day cont inuous run 
w i t h  ur ine .  
A f t e r  a s e r i e s  
The pr imary  o b j e c t i v e s  o f  t h e  breadboard t e s t s  were t o  e s t a b l i s h  
(a )  The performance c h a r a c t e r i s t i c s  o f  t h e  f l a s h  evaporat ion-vapor 
compression cyc le ,  ope ra t i ng  con t inuous ly  w i t h  automat ic  con t ro l s ,  
t o  achieve a c y c l i c  semi-batch opera t i on  w i t h  b r i n e  s o l i d s  con- 
c e n t r a t i o n  v a r y i n g  between 17 and 50 percent  
(b )  The performance o f  t h e  phase s e p a r a t o r / c f r c u l a t  i ng  pump and 
vapor compressor, t h e  heat t r a n s f e r  performance o f  t h e  b r i n e  heater /  
condenser, and t h e  dynamics o f  t h e  c o n t r o l s  and t h e i r  i n t e r a c t i o n  
o f  t h e  system 
( c )  The po tab i  1 i t y  o f  water  d i s t i  1 l e d  f rom p r e t r e a t e d  and un t rea ted  u r i n e  
w i t h  p y r o l y s i s  pos t  t reatment  
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(d) The control of microorganisms within the system, using the pyrolysis 
reactor 
(e) The compatibility of materials, the scaling potential, and the 
identification of additional areas requiring improvement during 
the next phase of the program 
The tests were generally conducted in accordance with the test plan pre- 
sented in AiResearch Report 70-6219. Following the 5-day test, the system 
was dismantled and all components-were critically examined for signs o f  wear 
or corrosion and for other signs of deterioration. The system was run for a 
total of 184 hours including the 5-day test, which accounted for about 100 
hours. 
The fol low-ing paragraphs describe the breadboard unit and present the 
test data obtained, including water quality analyses. The data are discussed 
and solutions to the problems encountered during the system tests are presented. 
System Description 
The overall arrangement of the water reclamation unit assembled for the 
5-day test is the same as that of the flight unit described in Section 2. 
Figure 4-4  is a schematic of the unit showing all components of the unit and 
identifying the instrumentation points. Photographs of  the system are shown 
in Figures 4-5 and 4-6. The pyrolysis unit (Item 18) used in the breadboard 
unit did not incorporate a recuperator (see Figure 3-26); therefore, a cooler 
(Item 19) .was incorporated to reduce vapor temperature upstream of the heater- 
condenser (Item 8) .  
The quality o f  the components of the urine processing unit was, in general, 
adequate for engineering development testing. All lines and tubing in the 
processing unit (brine and vapor loops) were stainless steel; the storage 
tanks and associated lines were essentially laboratcrry type equipment, as 
shown in the photographs of Figure 4-5 and 4 - 6 ,  
The components assembled in the system incorporated the modifications 
which were deemed necessary as a result of earlier breadboard system tests 
and system-component analyses. Details of the component designs and per- 
formance data can be found in Section 3 of this report. Major component 
feat u res a re summa r i zed be 1 ow. 
1 .  Vapor Compressor 
A two-stage vortex machine (see Figure 3-7) was designed and tested with 
air prior to installation on the breadboard system. The compressor rotor 
is driven by an existing Apollo suit compressor motor through a magnetic 
coup1 ing. 
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2. Heater-Condenser (See F igures 3-18 and 3-19)  
The heater-condenser i s  a s i n g l e - t u b e  u n i t  s i m i l a r  t o  t h a t  used pre-  
v ious l y ,  r e f u r b i s h e d  t o  i n c l u d e  a new tube designed w i t h  smoother i n l e t  and 
o u t l e t  c o n f i g u r a t i o n s .  Tube l e n g t h  i s  12 f t  by comparison t o  13.5 f t  f o r  
t h e  f i r s t  breadboard u n i t .  
3 .  Phase Separator (See F igures 3-10 and 3-11)  
As a r e s u l t  o f  component-level t e s t i n g ,  t h i s  u n i t  was r e f u r b i s h e d  t o  
i nc lude  a b a f f l e  i n  c o n j u n c t i o n  w i t h  t h e  demistor t o  reduce entrainment.  The 
c o n f i g u r a t i o n  o f  t h e  tubes was a l s o  s l i g h t l y  modi f ied.  
4.  P y r o l y s i s  Reactor (See F igu re  3-26) 
A new reactor ,  us ing  a rhodium c a t a l y s t ,  was designed and fab r i ca ted .  
No recuperator  i s  used; t h e  c a t a l y s t  bed i s  i n s t a l l e d  i n  a furnace f o r  temp- 
e r a t u r e  c o n t r o l .  The furnace a l s o  p rov ides  t h e  heat f o r  vapor preheat ing.  
Vapor c o o l i n g  i s  e f f e c t e d  i n ' a  coo le r  between t h e  r e a c t o r  bed and t h e  condenser. 
5. Level and Concentrat ion C o n t r o l l e r  (See F i g u r e  3-27, 3-28, and 3-34) 
The c o n t r o l l e r  c i r c u i t r y  was redesigned t o  i nco rpo ra te  t h e  semi-batch 
c o n t r o l  scheme developed a f t e r  t h e  e a r l y  breadboard t e s t s .  
Comprehensive i ns t rumen ta t i on  was inco rpo ra ted  on t h e  breadboard. T h i s  
i ns t rumen ta t i on  i s  i d e n t i f i e d  on t h e  schematic o f  F i g u r e  4-4. Parameters not 
i d e n t i f i e d  on t h e  schematic, but  which were monitored d u r i n g  t h e  t e s t s ,  
inc lude:  
( a )  Separator speed 
(b )  Separator s h a f t  power 
( c )  Compressor speed 
(d )  
(e )  Compressor motor housing temperature 
( f )  Compressor cas ing temperature 
Compressor motor current ,  vo l tage,  frequency 
High and low l e v e l  warning l i g h t s ,  as w e l l  as a d i s p l a y  o f  t h e  d e t e c t o r  
counts, were prov ided f o r  l e v e l  and concentrat  ion  moni tor ing.  Product water  
q u a l i t y  was moni tored con t inuous ly  w i t h  Beckman pH and c o n d u c t i v i t y  meters as 
shown on t h e  schematic. 
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Provisions were made f o r  on-line sampling of the urine feed, t h e  brine 
waste, and the  product water. 
col lect ion of these samples, which were subjected t o  bacter ia l  and chemical 
ana 1 yses. 
Evacuated s t e r i l e  bo t t l e s  were used f o r  
Breadboard Shakedown Tests 
Following completion of the component-level development t e s t ,  the bread- 
board u n i t  was assembled and preliminary runs were made pr ior  t o  the 5-day 
t e s t  w i t h  urine. I n i t i a l  runs were concerned w i t h  instrumentation check-out 
and general famil i a r i za t  ion of t h e  personnel w i t h  the various system oper- 
ational pecu l i a r i t i e s ,  including the  supporting equipment. T h e  in tegr i ty  of 
the  system was assured and component performance was ascertained and/or 
adjusted t o  meet the demands of the overall  system. A l l  these t e s t s  were 
run w i t h  water. 
evaluate overall  system performance. 
Urine t e s t s  were t h e n  conducted p r io r  t o  the 5-day run t o  
1 .  System Leakaqe 
A s  discussed i n  Section 3, a i r  leakage into t h e  system was a major 
problem i n  previous system t e s t s .  Air leakage w i l l  de te r iora te  compressor 
performance by increasing compressor flow ra t e ;  more important y e t ,  a small 
q u a n t i t y  of a i r  mixed w i t h  the  vapor w i l l  reduce heater-condenser performance 
d ras t i ca l ly .  
leak checks following system assembly. 
To obviate t h i s  problem, the  e n t i r e  system was subjected t o  
Corrective measures were taken u n t i l  the leakage of t h e  processing u n i t  
(b r ine  and  vapor loops) was reduced t o  an acceptable level.  
measured by evacuating the system t o  0.5 psia and monitoring pressure b u i l d - u p  
a f t e r  a l l  i solat ion valves were shut o f f .  A f ina l  leakage rate  lower t h a n  
0.0016 lb/hr was obtained. This represents 0.16 percent of the design water 
processing ra te  and was deemed adequate i n  terms of i t s  e f fec t  on compressor 
and heater-condenser performance. 
Leakage was 
2. Level and  Density Controller Cal ibrat  ion 
The level and density control system was cal ibrated w i t h  water i n  the  
brine loop. This system had not been checked a t  t h e  component level,  s ince 
the system c i r c u i t r y  was not avai lable  a t  t h e  time of the component level 
separator t e s t s .  Figures 4-7 and 4-8 show the level and density cal i b r a t  ion 
curves obtained. 
The density sensor ca l ibra t ion  data indicate tha t  w i t h  the present 
design of the separator bowl and the current location of the sensor, the level 
of l i q u i d  i n  the  bowl has a very strong e f f ec t  on the density detector  count 
ra te .  This e f f ec t  was much higher than an t ic ipa ted ;  i t  was expected tha t  the 
density sensor would operate s a t i s f a c t o r i l y  t o  levels  as low as 250 cc. The 
d a t a  show t h a t  the m i n i m u m  level fo r  accurate monitoring of brine density 
is  between 400 and 500 cc. These data indicated tha t  adjustment of the count 
ra tes  a t  the low level switch points was necessary to  accommodate the semi- 
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batch c o n t r o l  scheme whereby b r i n e  dump s t a r t s  a t  t he  250 cc l e v e l  and ends 
a t  150 cc l e v e l .  This adjustment was no t  made a t  t h i s  time, b u t  was de fe r red  
u n t i l  d i r e c t  c a l i b r a t i o n  data w i t h  h i g h  b r i n e  concen t ra t i on  were a v a i l a b l e  i n  
l a t e r  t e s t s  w i t h  u r i n e .  
These p r e l i m i n a r y  data i n d i c a t e  t h a t  i n  redes ign ing  t h e  separator  t he  
p e c u l i a r i t i e s  o f  t he  d e n s i t y  c o n t r o l  system should be a de termin ing  f a c t o r  i n  
e s t a b l i s h i n g  bowl geometry. 
3. Compressor Performance 
Compressor performance w i t h  water  was checked and found t o  be somewhat 
lower than desigr: performance. Th is  was a n t i c i p a t e d  s ince  component l e v e l  
t e s t i n g  w i t h  a i r  had a l s o  shown lower performance than an t i c ipa ted .  
r e s u l t ,  t h e  compressor speed was increased from 23,500 t o  26,400 rpm by 
changing t h e  frequency o f  t h e  power i npu t  t o  t h e  u n i t .  
data i s  g iven  i n  Sec t ion  3. 
As a 
Compressor performance 
4 .  System Thermodynamic Performance 
I n i t i a l  t e s t s  w i t h  water  were conducted on t h e  system t o  estab i s h  base- 
l i n e  performance parameters. The r e s u l t s  o f  t h i s  t e s t  a re  shown i n  Table 
4-1 ;  computer data a r e  a l s o  shown f o r  comparison. The average wate p roduc t i on  
r a t e  was approx imate ly  0.5 lb /hr ,  which was somewhat lower than an t  c ipated.  
I t  was t h e o r i z e d  t h a t  t h e  reason f o r  t h e  low p roduc t i on  r a t e  was an imbalance 
i n  t h e  system thermal c o n t r o l .  Excessive heat leaks f rom t h e  b r i n e  loop 
would r e s u l t  i n  s i g n i f i c a n t  reduc t i on  i n  water  p roduc t i on  ra te .  Th is  con- 
d i t i o n  was exper ienced on t h e  e a r l y  breadboard t e s t s .  
I n  an at tempt  t o  c o r r e c t  t h i s  s i t u a t i o n ,  t h e  separa tor  was i n s u l a t e d  and 
t h e  b r i n e  l i n e  was wrapped around t h e  compressor cas ing;  c o o l i n g  t h e  compressor 
i n  t h i s  manner no t  o n l y  increased t h e  b r i n e  temperature bu t  a l s o  improved 
compressor performance. 
The f i r s t  two columns o f  Table 4-2 show t h e  r e s u l t s  o f  t h e  t e s t  conducted 
w i t h  t h i s  c o n f i g u r a t i o n .  As ind icated,  the  water  p roduc t i on  r a t e  was v e r y  
g r e a t l y  increased over t h a t  p r e v i o u s l y  obtained. However, an apprec iab le  
amount (approx imate ly  1.5 percent)  o f  water  was c a r r i e d  i n t o  the  vacuum vent 
f rom t h e  condenser. Th is  was a t t r i b u t e d  t o  heater-condenser thermal imbalance 
due t o  excess ive heat  a d d i t i o n  t o  the  b r i n e  loop from the  compressor. 
The i n s u l a t i o n  was removed f rom t h e  condenser i n  an at tempt t o  r e e s t a b l i s h  
thermal e q u i l i b r i u m  by r e j e c t i n g  more heat f rom the  condenser. The r e s u l t s  
o f  t h e  t e s t  run w i t h  t h i s  c o n f i g u r a t i o n  a r e  shown i n  t h e  l a s t  two columns o f  
Table 4-2. The des i red  r e s u l t s  were no t  achieved and t h e  vent car ryover  
remained approx imate ly  t h e  same as before.  
These t e s t s  on t h e  thermal balance o f  t h e  system i n  var ious  c o n f i g u r a t i o n  
i nd i ca ted  t h a t  some phenomenon o t h e r  than thermal balance was respons ib le  f o r  
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TABLE 4-1 
PERFORMANCE OF BREADBOARD WATER RECOVERY 
SYSTEM WITH DISTILLED WATER 
~ 
Pa ramet e r 
Separator 
Br ine  Out le t  Pressure, P I ,  p s i a  
Br ine O u t l e t  Temperature,-T.l, OF 
Vapor Out le t  Pressure, P4, psi: 
Vapor Out le t  Temperature, T4, F 
Separator Speed, rpm 
Input  Shaft  Power, wat ts  
Level, cc 
Br ine Sol ids  Concentrat i'on, '$ 
P5, psi; Out l e t  Pressure, 
Out le t  Temperature, T5, F 
Speed, rpm 
Input  Current, amp 
Pressure Rat io, P5/P4 
Comp res so r 
Heater- Condenser 
Vapor I n l e t  Pressure, P6, p s i a  
Vapor I n l e t  Temperature, T6, OF 
Vent Pressure, P7, p s i a  
Condensate Out 1 e t  Pressure, P8, 
Condensate Out l e t  Temperature, T8, 
Condensate Product ion Rate, 1 b/hr 
Br ine  Side Flow Rate, l b / h r  
Br ine  Side Temperature Rise, OF 
ps i a  
OF 
Flash Valve 
I n l e t  Pressure, P3, psi; 
I n l e t  Temperature, T3, F 
NOTE: NR = Not Recorded * = C a l i b r a t i o n  E r r o r  
Gam== AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
Compute r 
Results 
IO,  38 
107.84 
1.20 
107.84 
I800 
31.7 
820 
0 
I. 676 
242.6 -- -- 
I .46 
1.51 
147.4 
1.50 
-I 
m -  
I .432 
191.3 
7.57 
3.01 
115.19 
9/3/70 
I I15 
9.6 
98.5 
0.90 
100.4 
I800 
55.8 
7 70 
0 
1.68 
224.5 
2 7060 
0.45 
I. 87 
I .38* 
25 I 
I .48 
0.75 
98 
0.562 
NR 
3.5 
2.3 
I02 
)ate/T i me 
9/3/70 
1315 
10.0 
I04 
I .  I 
I06 
I800 
55.8 
64 0 
0 
I. 75 
233 
2 7060 
0.45 
I .59 
I .36* 
23 I 
I .53 
I .oo 
I06 
0.463 
NR 
4.0 
2.5 
I08 
9/3/ 70 
1415 
9.2 
I 04 
I .  I 
I06 
I800 
50.5 
4 00 
0 
I. 72 
227.5 
271 20 
0.44 
I .56 
I .34* 
24 7 
I .50 
I .04 
107.5 
0.507 
NR 
6.0 
2.4 
I I O  
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TABLE 4-2 
Dat 
9/9/70 
PERFORMANCE OF MODIFIED BREADBOARD WATER 
RECOVERY SYSTEM WITH DISTILLED WATER 
Time 
9/  l0/70 Pa ramet e r 
Separator 
B r i n e  O u t l e t  Pressure, P I ,  p s i a  
Br ine  O u t l e t  Temperature, T'I, OF 
Vapor Out le t  Pressure, P4, p s i a  
Vapor Out le t  Temperature, T 4 ,  OF 
Separator Speed, rpm 
Input  Shaft  Power, w a t t s  
Level, cc 
Br ine Sol ids  Concentrat ion, $ 
Compressor 
Out le t  Pressure, P5, psi; 
Out le t  Temperature, T5, F 
Speed, rpm 
Input  Cur rent, amps 
Pressure Rat io, P5/P4 
Heater-Condenser 
Vapor I n l e t  Pressure, P6, p s i a  
Vapor I n l e t  Temperature, T6, OF 
Vent Pressure, P7, p s i a  
Condensate Out l e t  Pressure, P8, 
Condensate Out le t  Temperature, T8 
Condensate Product ion Rate, l b / h r  
Br ine  Side Temperature Rise, OF 
ps i a  
O F  
Flash Valve 
I n l e t  Pressure, P3, psi; 
I n l e t  Temperature, T3, F 
System M o d i f i c a t i o n  
.* = Cal i b r a t  ion  E r r o r  
AIRESEARCH MANUFACTURING COMPANY 
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m/70 
1215 
9,2 
I09 
1 .  I 
I l l  
I800 
48. I 
760 
0 
1.81 
213 
2 7360 
0.42 
I e 65 
I .49* 
24 7 
I e 52 
I .  15 
1 1 1  
I I) 232 
9.0 
2.4 . 
I18 
B r i n e  tub  
I345 
9.4 
I l l  
1.2 
I I 3  
I800 
48. I 
800 
0 
I. 80 
205 
2 7240 
0.41 
1.50 
I .30* 
2 77 
I .46 
I . 3  
I12 
I e 255 
7.0 
2.8 
I I 8  
I230 
10.0 
I04 
1.25 
I07 
I800 
57.0 
820 
0 
1.87 
21 1 
2 7060 
0.41 
I .50 
I .64 
2 I 4  
1.52 
1.03 
I 04 
I .39 
6.0 
2.5 
I10 
ig on Br ine  tub  
9/  I0/70 
1430 
IO. I 
i04 
1.25 
106 
1800 
57.0 
7 80 
0 
I. 79 
207 
26920 
0.45 
I .43 
I .50 
257 
I .44 
I .  I O  
1'06 
1.5 
6.0 
3.0 
110 
ig on 
compressor. I n -  compressor. I n -  
s u l a t i o n  p laced s u l a t i o n  
on separator. removed from con- 
I denser. 
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t h e  system performance be ing  a t  va r iance  t o  t h e  expected performance. 
subsequent l e a k  check o f  t h e  system revealed a l eak  i n  t h e  c a t a l y s t  bed 
thermocouple tube. A leak  i n t o  t h e  vapor s ide  o f  t h e  condenser cou ld  s ign -  
i f i c a n t l y  a f f e c t  performance by degrading t h e  vapor s i d e  heat t r a n s f e r  
c o e f f i c i e n t .  The d i scuss ion  on t h e  condenser performance presented i n  
Sect ion 3 g i v e s  d e t a i l s  o f  t h e  e f f e c t  o f  leakage on condenser performance. 
was t h e r e f o r e  decided t o  r e v e r t  t h e  system t o  t h e  e a r l  i e r  c o n f i g u r a t i o n  ( i n -  
s u l a t i o n  on t h e  condenser; no compressor c o o l i n g  w i t h  t h e  b r i n e  loop) and t o  
cont inue t h e  system t e s t  program. An a d d i t i o n a l  heat exchanger was i n s t a l  l e d  
downstream of  t h e  c a t a l y s t  bed t o  p r o v i d e  b e t t e r  c o n t r o l  o f  condenser i n l e t  
t empe r a t  u re. 
A 
I t  
5. System S t e r i  1 i z a t  ion  
The next  phase of  t h e  t e s t  program was t o  conduct a shakedown run w i t h  
u r ine .  P r i o r  t o  t h i s  run, t h e  system was s t e r i l i z e d .  S t e r i l i z a t i o n  a t  t h i s  
p o i n t  i n  t h e  t e s t  program was performed t o  demonstrate t h a t  the system cou ld  
be s t e r i l i z e d  e f f e c t i v e l y  w i t h  hot  water  and t h a t  ca r ryove r  o f  microorganisms 
from t h e  b r i n e  loop i n t o  t h e ' p r o d u c t  water  cou ld  be checked by t h e  p y r o l y s i s  
reac tor .  
S t e r i l i z a t i o n  was accomplished by i n j e c t i n g  ho t  water i n t o  t h e  vapor loop 
through the  o x i d i z e r  s h u t o f f  va l ve  (Item 17 i n  F igu re  4 - 4 ) .  
routed through t h e  c a t a l y s t  bed, i n t o  the  condenser, and o u t  of t h e  condenser 
product water p o r t  and vacuum vent p o r t .  Hot water from t h e  product water p o r t  
was c i r c u l a t e d  through t h e  c y c l i c  accumulator and a l l  the  plumbing t o  t h e  pro- 
t h e  system was above 22OoF f o r  a t  l e a s t  20 minutes. A t  t h e  end o f  t h i s  s t e r i -  
l i z i n g  p e r i o d  a sample o f  the  s t e r i l i z i n g  water  was withdrawn from the product 
water sample p o r t  f o r  m i c r o b i o l o g i c a l  a n a l y s i s .  No microorganisms were found. 
The water was 
, d u c t  and waste s torage tanks and sample por ts .  Flow was cont inued u n t i l  a l l  
6. Shakedown Tests With Ur ine 
I n i t i a l  shakedown runs w i t h  u r i n e  were performed t o  eva lua te  system per-  
formance p r i o r  t o  t h e  s t a r t  o f  t h e  long term t e s t  w i t h  u r i n e .  The r e s u l t s  
o f  two &hour  t e s t s  a r e  shown i n  Table 4 - 3 .  The f i r s t  t e s t  was conducted 
a t  t h e  same c o n d i t i o n s  as t h e  e a r l i e r  water t e s t s .  The system performance 
a t  these c o n d i t i o n s  i s  c o n s i s t e n t  w i t h  t h a t  ob ta ined  e a r l i e r ,  a l though t h e  
water  p roduc t i on  r a t e  i s  no t  as h i g h  as expected. 
The second t e s t  was conducted w i t h  a condenser vent pressure o f  1.75 
p s i a  i ns tead  o f  t h e  p rev ious  1.5 psia.  I t  was f e l t  t h a t  i f  t h e  compressor was 
1 i m i t  i n g  system performance, t h e  h i g h e r  o p e r a t i n g  pressure would a1 low t h e  
compressor t o  develop a h i g h e r  pressure r a t i o  due t o  a lower v o l u m e t r i c  f l o w  
ra te .  However, t h e  wa te r  product ion  r a t e  a c t u a l  l y  decreased. Ana lys i s  of 
t h e  system t e s t  data revea ls  t h a t  t h e  cause o f  t h i s  unexpected behavior  i s  
t h e  h i g h  a i r  leakage r a t e  i n t o  t h e  separator.  T h i s  i s  d iscussed i n  g r e a t e r  
d e t a i l  l a t e r  i n  t h i s  s e c t i o n  as w e l l  as i n  Sec t i on  3. Water samples were 
taken d u r i n g  each t e s t  f o r  m i c r o b i o l o g i c a l  and chemical ana lys i s .  The r e s u l t s  
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TABLE 4-3 
PERFORMANCE OF BREADBOARD WATER RECOVERY 
SYSTEM WITH URINE B R I N E  
Parameter 
Separator 
Br ine  O u t l e t  Pressure, PI ,  p s i a  
B r i n e  Out le t  Temperature, T I ,  O F  
Vapor O u t l e t  Pressure, P4, psi; 
Vapor Out le t  Temperature, T4, F 
Separator Speed, rpm 
Input  Shaft  Power, wat ts  
Level, cc 
Br ine  Sol ids  Concentrat ion, % 
Compressor 
Out le t  Pressure, P5, psi: 
O u t l e t  Temperature, T5, F 
Speed, rpm 
Input  Current, amp 
Pressure Rat io, P5/P4 
Heater-Condenser 
Vapor I n l e t  Pressure, P6, p s i a  
Vapor I n l e t  Temperature, T6, OF 
Vent Pressure, P7, p s i a  
Condensate Out 1 e t  Pressure, P8, 
Condensate Product ion Rate, l b / h r  
Br ine  Side Temperature Rise, OF 
Condensate Conduct iv i ty,  micromho/ 
Condensate, pH 
Vented Water, cc/hr 
p s i a  
cm 
Flash Valve 
I n l e t  Pressure, P3, psi: 
I n l e t  Temperature, T3, F 
* = E r r o r  i n  Ins t rumenta t ion  
AIRESEARCH MANUFACTURING COMPANY 
Los Angel-. California 
Date 
IO/ I /70 
1315 
10,2 
I O 0  
0.7 
io0 
I804 
45.2 
760 
9 
I e 56 
210 
25880 
0.37 
2.23 
I .35* 
1.5 
0.79 
0.74 
3.38 
8 
7,65 
5 
2.59 
103.4 
Time 
I0/2/70 
1315 
I O .  8 
I02 
0.8 
102,4 
I79 I 
58.2 
760 _- 
I e 88 
214.5 
25560 
0.45 
2.35 
1.77 
I60 
1.75 
0.81 
0.59 
2.89 
33 
7.60 
40 
2.62 
104.9 
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o f  these analyses i n d i c a t e  t h e  a b i l i t y  o f  t h e  system t o  produce h i g h  q u a l i t y  
water. These data, t oge the r  w i t h  t h e  data from t h e  o t h e r  tes ts ,  a r e  d i s -  
cussed l a t e r  i n  t h i s  s e c t i o n  o f  t h e  repor t .  
Continuous 5-Day Test ,Wi th  U r i n e  
Fo l l ow ing  t h e  shakedown t e s t s  w i t h  ur ine,  t h e  system was t e s t e d  con- 
t i n u o u s l y  f o r  100 hours w i t h  u r i n e .  
t e s t s  descr ibed above. Fo l l ow ing  these p r e l i m i n a r y  t e s t s ,  t h e  b r i n e  loop 
was f lushed, t h e  system pressure was r a i s e d  t o  ambient, and t h e  c a t a l y s t  
bed was kept a t  h i g h  temperature (between 600' and 900OF) t o  serve as a 
b a r r i e r  t o  m i g r a t i o n  o f  microorganisms t o  t h e  product water  s i d e  o f  t h e  system. 
Dry n i t r o g e n  was c i r c u l a t e d  a t  a low f l o w  r a t e  through t h e  vapor s i d e  o f  t h e  
system t o  m a i n t a i n  t h e  system a t  a s l i g h t  p o s i t i v e  pressure, 
were mainta ined f o r  two days p r i o r  t o  t h e  s t a r t  o? t h e  5-day run. 
T h i s  t e s t  was s t a r t e d  a f t e r  t h e  shakedown 
These c o n d i t i o n s  
The thermodynamic system data, system water product ion r a t e  and u r i n e  
feed, and product wate,r c o n d u c t i v i t y  a r e  p l o t t e d  i n  Figures 4-9 and 4-10 f o r  
t h e  e n t i r e  f i v e - d a y  t e s t .  
From t h e  s t a r t u p  a t  approx imate ly  0930 on 10/5/70, u n t i l  e a r l y  on 
10/6/70, t h e  system operated i n  a nominal c o n d i t i o n  and separator  l e v e l  was 
be ing  mainta ined w i t h  t h e  l e v e l  c o n t r o l  system, There was no dump o f  t h e  b r i n e  
du r ing  t h i s  t i m e  s ince  concen t ra t i on  had not reached t h e  r e q u i r e d  l e v e l ,  Table 
4-4 shows system o p e r a t i n g  c o n d i t i o n s  d u r i n g  t h i s  per iod.  
expected, based on t h e  r e s u l t s  o f  t h e  p rev ious  shakedown and c a l i b r a t i o n  t e s t s .  
A t  approx imate ly  0200 on 10/6/70 ( p o i n t  B on F igu re  4-9 and 4-10), t h e  d e n s i t y  
c o n t r o l  system s igna led  t h e  so leno id  v a l v e  t o  dump a p o r t i o n  o f  t h e  b r i n e .  Due 
t o  an o v e r s i g h t  i n  the  o p e r a t i o n  o f  t h e  system, t h e  b r i n e  s torage tank was a t  
ambient pressure and not  evacuated t o  7 p s i a  as requ i red  accord ing t o  t e s t  
procedures. Opening o f  t h e  dump va lve  under these c o n d i t i o n s  r e s u l t e d  i n  
t h e  i n t r o d u c t i o n  o f  a i r  i n t o  t h e  b r i n e  loop. T h i s  c o n d i t i o n  was corrected,  
a sample of t h e  b r i n e  f l u i d  was taken, and o p e r a t i o n  was continued, 
of t h e  product water  were taken p e r i o d i c a l l y .  
b i o l o g i c a l  and chemical analyses demonstrated t h a t  t h e  system was producing 
water o f  v e r y  h i g h  q u a l i t y ,  w i t h  no b a c t e r i a  d u r i n g  t h i s  per iod.  
water a n a l y s i s  i s  g iven  l a t e r  i n  t h i s  sect ion,  
Tliese: data a r e  discussed i n  t h e  f o l l o w i n g  paragraphs. 
Performance was as 
Samples 
The r e s u l t s  o f  t h e  micro- 
D e t a i l e d  
A t  approx imate ly  1000 on 10/6/70, problems were encountered w i t h  t h e  
compressor motor, r e s u l t i n g  i n  reduced compressor speed and a very s h o r t  ( I O  
min.)  p e r i o d  o f  compressor shutdown due t o  ove r load  (1200, p o i n t  C ) .  These 
compressor problems account f o r  - the  lower water p roduc t i on  r a t e  d u r i n g  t h a t  
pe r iod  (from 1000 t o  1720 h r ) .  
up f o r  the  b r i n e  samples taken d u r i n g  t h a t  pe r iod .  
The u r i n e  feed r a t e  remained the  same t o  make 
During t h i s  p e r i o d  (po int  C t o  p o i n t  D), a check o f  t h e  d e n s i t y  c o n t r o l  
c a l i b r a t i o n  was made. A b r i n e  sample was removed and the  count r a t e  from the  
d e n s i t y  sensor was monitored. This count ra te,  compared t o  t h e  expected r a t e  
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TABLE 4-4 
TYPICAL PERFORMANCE OF BREADBOARD WATER 
RECOVERY SYSTEM WITH URINE BRINE (5-DAY TEST) 
Pa ramet e r  
Separator 
Br ine  
Br ine 
Out le t  Pressure, PI, psi: 
Out le t  Temperature, TI, F 
Vapor Out le t  Pressure, P4, psi: 
Vapor Out le t  Temperature, T4, F 
Separator Sepeed, r p m  
Input  Shaft  Power, w a t t s  
Level, cc 
B r i n e  Sol ids  Concentration, 
Comp res so r 
Out le t  Pressure, P5, psi: 
Out le t  Temperature, T5, F 
Speed, rpm 
Input  Current a t  135 vac, amp 
Pressure Rat io, P5/P4 
Heat e r-Condense r 
Vapor I n l e t  Pressure, P6, psi: 
Vapor I n l e t  Temperature, T6, F 
Vent Pressure, P7, p s i a  
Condensate Out 1 e t  Pressure, P8, p i  sa 
Condensate Product ion Rate, 1 b /hr  
Br ine  Side Temperature Rise, OF 
Condensate Conduct iv i ty,  microhmo/cm 
Condensate pH 
Vented Water, cc/hr 
Flash Valve 
I n l e t  Pressure, P3, p s i a  
I n l e t  Temperature, T3, OF 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
01 15 
8.6 
i00 
0.72 
101.8 
1815 
37.5 
780 
1.43 
198 
26480 
0.42 
I .99 
I .49 
180 
I .40 
8.90 
0.75 
5.78 
I I O  
7.68 
8. I 
I 70 
105.8 
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a t  t h e  measured d e n s i t y  of  t h e  b r i n e  sample, revealed t h a t  an adjustment should 
be made i n  t h e  d e n s i t y  c o n t r o l  system s w i t c h  po in ts .  
was taken, t hus  a l l o w i n g  t h e  d e n s i t y  sensor t o  measure t h e  h i g h  b r i n e  con- 
c e n t r a t i o n  be fo re  t h e  separa tor  l e v e l  f e l l  below t h e  minimum l e v e l  a t  which 
b r i n e  dumping should have taken place. 
Th is  c o r r e c t i v e  a c t i o n  
A t  I720 on 10/6/70 ( p o i n t  D on F igures  4-9 and 4- IO ) ,  t h e  compressor 
speed dropped t o  14,000 rpm. 
motor removed. The motor bear ingswere  rep laced and t h e  compressor r e a c t i v a t e d  
a t  2200 on I0/6/70 ( p o i n t  E o f  F igures 4-9 and 4- I O ) .  
r e s u l t i n g  e f f e c t s  on t h e  system, a r e  discussed i n  more d e t a i l  l a t e r  i n  t h i s  
sect  ion. 
The compressor was shut down and t h e  compressor 
Th is  occurence and t h e  
A f t e r  system r e a c t i v a t i o n  f o l  low ing  t h e  compressor shutdown, t h e  temperature 
r i s e  o f  t h e  b r i n e  loop i n  t h e  condenser s t a r t e d  t o  increase. Th is  occurred 
w i t h  t h e  water  p roduc t i on  r a t e  decreasing t o  l e s s  than 0.5 lb /hr ,  i n d i c a t i n g  
a s i g n i f i c a n t  decrease i n  b r i n e  f lowra te .  A t  0900 on 10/7/70, t h e  separa tor  
speed was increased f rom 1800 t o  2000 rpm and t h e  b r i n e  temperature r i s e  i n  
t h e  condenser decreased to l e v e l s  nearer  normal, bu t  s t i l l  h i g h  f o r  t h e  water  
p roduc t i on  of  t h e  system, A t  1300 ( p o i n t  F )  w i t h  the  temperature r i s e  con- 
t i n u i n g  t o  increase, i t  was obvious t h a t  a - f low r e s t r i c t i o n  had developed i n  
the  b r i n e  loop. The separa tor  was desc t i va ted  and the  b r i n e  loop was found t o  
be plugged. The o b s t r u c t i o n  was removed by opening the  loop and i n s e r t i n g  a 
f l e x i b l e  w i r e  i n  t h e  heater  tube and o p e r a t i o n  was r e i n i t i a t e d  (po in t  G) .  
b lockage i s  assoc ia ted  w i t h  the  pe r iod  o f  shutdown d u r i n g  r e p a i r  o f  the com- 
pressor  motor, as d iscussed i n  Sec t ion  3 .  I t  was concluded t h a t  t h i s  problem 
was a d i r e c t  r e s u l t  o f  i n t e r r u p t e d  opera t i on  and would no t  occur except under 
the  low temperature-high concen t ra t i on  which occurred as a r e s u l t  o f  compressor 
f a i l u r e .  
This 
System opera t i on  cont inued f rom t h i s  p o i n t  u n t i l  t h e  end o f  t h e  t e s t  
a t  1400 on 1/9/70. From 1300 on 10/7/70 t o  1400 on 10/9/70, system opera t i on  
was normal except f o r  a thermal c o n t r o l  problem i n  r e g u l a t i n g  condenser i n l e t  
temperature, and t h e  f a i l u r e  o f  p ressure  t ransducer  P3. The thermal c o n t r o l  
problems were due t o  t h e  d i f f i c u l t i e s  exper ienced i n  r e g u l a t i n g  t h e  condenser 
i n l e t  temperature w i t h  t h e  c a t a l y s t  bed o u t l e t  coo le r .  At tempts t o  c o n t r o l  
t h e  vapor temperature w i t h  n i t r o g e n  gas f l o w  th rough t h e  coo le r  proved 
unsuccessful  d u r i n g  t h a t  p e r i o d  ( p o i n t  G t o  p o i n t  H); t h e  n i t r o g e n  gas f l o w  
was shut o f f  and t h e  temperature was regu la ted  by removing i n s u l a t i o n  f rom t h e  
c o o l e r  and t h e  l i n e  t o  t h e  condenser. Th i s  method proved somewhat successful ,  
b u t  d i d  no t  achieve t h e  degree o f  c o n t r o l  des i red  f o r  t h e  t e s t .  T h i s  problem 
is one o f  t h e  c o n t r i b u t i n g  f a c t o r s  t o  t h e  ex i s tence  o f  a f i n i t e  amount o f  water  
car ryover  i n t o  the  vacuum vent. The f l i g h t  system recupera tor  i s  designed t o  
cool  the  vapor t o  154OF; losses i n  the  l i n e  f rom the  recupera tor  t o  the  con- 
denser w i l l  f u r t h e r  reduce the  vapor temperature t o  an est imated va lue  o f  1 2 1 O F .  
On the  breadboard system the  condenser i n l e t  temperature v a r i e d  f rom about 160 
t o  21OoF. 
r e s u l t  i n  s i zeab le  q u a n t i t i e s  o f  water vapor ca r ryove r  t o  vacuum. 
I t  was observed t h a t  ope ra t i on  a t  temperatures above 17OoF would 
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The pressure t ransducer  on the  b r i n e  loop a t  t he  i n l e t  t o  the  f l a s h  va l ve  
I t  was re -  f a i l e d  and was removed a t  approx imate ly  0030 on 10/8/70 (po in t  H). 
placed a t  1500 on 10/8/70 (po int  J ) .  Dur ing removal and replacement the  vapor 
va l ve  (Item 15 i n  F igu re  4 - 4 )  between t h e  separator  and compressor was c losed 
and t h e  b r i n e  loop brought  t o  ambient pressure t o  remove and rep lace  the  t rans -  
ducer. Operat ion was resumed by opening va l ve  15. A l though these ac t i ons  
appeared t o  have no e f f e c t  on system opera t ion ,  c a r e f u l  ana lys i s  o f  t h e  t e s t  
data i n d i c a t e s  t h a t  t h e  t r a n s i e n t  pressure surges imposed on the system (especi- 
a l l y  those assoc ia ted  w i t h  opening o f  t h e  vapor va l ve  15) c o n t r i b u t e d  t o  system 
contaminat ion by excess ive car ryover  f rom the  separa tor  due t o  r a p i d  deaera t ion  
o f  the  b r i n e .  T h i s  phenomenon i s  discussed more f u l l y  i n  the  f o l l o w i n g  para- 
graphs on system o v e r a l l  performance. 
A t o t a l  water balance o f  the  system d u r i n g  t h i s  t e s t  was conducted. The 
r e s u l t s  a r e  summarized below. 
To ta l  feed, 69.4 l b  
Product water, 52.2 l b  
Waste b r ine ,  9 .3  l b  ( inc ludes f l u i d  remaining i n  b r i n e  loop a t  end 
o f  t e s t )  
Overboard vent, 4 . 6  l b  
Water remaining i n  condenser 3.3  l b  
Pos t -Tes t Inspec t  i on 
A f t e r  comple t ion  o f  the 5-day run, t he  system was f lushed w i t h  water  a t  
250'F f o r  a pe r iod  o f  4 hours. 
inspec t ion .  A t  t h a t  time, a t o t a l  running t ime of  184 hours had been recorded 
on t he  system. A l l  components were examined c a r e f u l l y  f o r  s igns o f  wear, c o r -  
rosion, and, i n  t h e  l i q u i d  loop, solids deposits. 
t i o n s  made d u r i n g  t h i s  p o s t - t e s t  i nspec t i on  i s  presented below. 
The breadboard system was then d ismant led f o r  
A summary o f  t h e  observa- 
I .  Phase Separator  
P r i o r  t o  i n s t a l l a t i o n  o f  t he  separator  i n  t h e  upgraded breadboard u n i t ,  
evidence o f  c o r r o s i o n  had been observed i n  a b r a z e - j o i n t  area o f  t he  bowl. As  
an t i c ipa ted ,  the  corroded area a t  t h a t  l o c a t i o n  had increased t o  a sur face  o f  
about I in. ; o therw ise  t h e  bowl was c lean.  Th is  problem cou ld  e a s i l y  be 
e l im ina ted  i n  the  f a b r i c a t i o n  o f  a f l i g h t  system by e l i m i n a t i o n  o f  t h e  braze 
j o i n t .  
2 
Examinat ion o f  t he  carbon face sea l  revealed ex tens ive  damage. The upper 
housing o f  t he  seat  which i n t e r f a c e s  w i t h  the  carbon seal  was worn unevenly, as  
shown i n  F igure  4-11. I n  add i t ion ,  t h e  face o f  carbon seal  i t s e l f  was bad ly  
chipped. 
d u r i n g  the  5-day run. 
Th is  cou ld  e a s i l y  have been t h e  source o f  a i r  leakage exper ienced 
The p i t o t  tube and the  b r i n e  r e t u r n  tube were f r e e  o f  o b s t r u c t i o n .  
A t h i n  l aye r  o f  a b l a c k  greasy substance was found on the  w a l l  o f  t h e  
vapor tube, i n d i c a t i v e  o f  c a r r y  over. 
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F i g u r e  4-1 I .  Carbon Face Seal A f t e r  5-Day Tes t  
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2. Compressor 
No i n d i c a t i o n  o f  wear o r  c o r r o s i o n  was no t i ced  on any o f  t h e  components. 
A s l i g h t  q u a n t i t y  o f  l u b r i c a n t  was found t o  have leaked from the  bear ings.  
The motor bear ings were found t o  be damaged. 
3. P y r o l y s i s  Reactor 
F igure  4-12 shows the  reactor as i t  appeared a f t e r  the  5-day t e s t .  No 
damage t o  the  reac to r  housing was no t iced .  Upon disassembly a thermocouple 
probe tube was found t o  be broken. Leakage through t h i s  tube had been de tec ted  
p r i o r  t o  t h e  5-day run and t h e  tube had been plugged a t  t h a t  t ime. 
Examinat ion o f  the  c a t a l y s t  screens revealed t h a t  c o r r o s i o n  of  the s t a i n -  
less  s t e e l  subs t ra te  had taken place, r e s u l t i n g  i n  f l a k i n g  o f  t he  rhodium 
p l a t i n g .  Th is  damage was l i m i t e d  t o  a v e r y  smal l  area a t  t h e  bottom o f  t h e  
reac to r .  Not a l l  o f  the  screens showed such d e t e r i o r a t i o n .  Corros ion o f  t he  
s t a i n l e s s  s t e e l  subs t ra te  i s  due t o  the  presence o f  l i q u i d  water i n  the 
reac to r .  Vapor condensat ion ' w i t h i n  the  r e a c t o r  d u r i n g  per iods  of i n a c t i v i t y  
o r  f o l l o w i n g  s t e r i l i z a t i o n  would r e s u l t  i n  the accumulat ion o f  l i q u i d  water  a t  
the  bottom o f  t h e  reac to r .  
Th i s  problem would no t  e x i s t  on a f l i g h t  u n i t  when t h e  reac to r  i s  
con t i nuous ly  on stream. 
4 .  Heater-Condenser 
A l l  components o f  t h e  heater-condenser were examined. No evidence of  
o b s t r u c t i o n  were found i n  t h e  b r i n e  tube. The tube, the  screen, and the 
housing showed no s igns o f  c o r r o s i o n  except  i n  weld areas, where the b r i n e  
and vapor i n l e t  tubes penet ra te  t h e  housing. The h y d r o p h i l i c  porous p l a t e  
showed ve ry  l i t t l e  evidence o f  co r ros ion .  Wick d i s c o l o r a t i o n  was found, as 
shown i n  F igure  4-13, i n d i c a t i v e  o f  ca r ryove r  i n t o  t h e  condenser d u r i n g  the  
system t e s t s .  I t  i s  i n t e r e s t i n g  t o  no te  here t h a t  a l though the  product  water  
had a d e f i n i t e  odor i n  the  l a t t e r  p a r t  o f  the 5-day tes t ,  no such odor cou ld  
be de tec ted  w i t h i n  t h e  condenser. 
M i c r o b i o l o g i c a l  Ana lys i s  
The f o l l o w i n g  paragraphs desc r ibe  t h e  methods and procedures used i n  the  
performance o f  the  m i c r o b i o l o g i c a l  a n a l y s i s  conducted i n  support  o f  t he  5-day 
t e s t .  Test data a r e  presented w i t h  a d i scuss ion  o f  the  t e s t  r e s u l t s .  
I .  Methods and M a t e r i a l s  
(a )  C o l l e c t i o n  o f  Ur ine- -Ur ine  was c o l l e c t e d  f rom acceptable donors i n  
s t e r i l e ,  po lypropy lene b o t t l e s  and r e f r i g e r a t e d  u n t i l  used. 
Screeninq o f  U r ine  Donors--Urine f rom pe rspec t i ve  donors was care-  
f u l l y  screened as t o  t he  f o l l o w i n g  c r i t e r i a :  
( I )  Microscopic  examinat ion f o r  evidence o f  any pathology such as  
red o r  w h i t e  b lood c e l l s ,  casts, e t c .  
(b )  
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Figure  4-13. Condenser Wick A f t e r  5-Day Test  
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(2) Chemical tests for presence of sugar, proteins, ketones and 
occult blood. 
Each prospective donor was also questioned as to recent infections 
and asked if he was currently on antibiotic therapy. 
Sterilization of the Urine Distillation System--The entire system 
was steri 1 ized prior to the start of testing by circulating 25OoF 
water through the test setup for 4 hours. Sterility testing was 
performed-by inoculating Thioglycollate broth and by filtering 500 ml 
of water obtained from the test setup through 0.45~ millipore filters. 
Collection of Specimens--Samples for microbiological analysis were 
collected asceptically in sterile containers. Feed, brine, and 
product water samples were collected on a daily basis. 
Enumeration and Identification Procedures--Quantitation of urine 
feed and brine was carried out by the pour plate method. Ten-fold 
dilutions were carr'ied out in sterile distilled water blanks. A l l  
counts were done in duplicate and the counts averaged. Anaerobic 
counts were performed on undiluted samples. If dilution was neces- 
sary, these were performed in Thioglycollate broth. Product water 
samples were handled as above and also filtered through a Oe45p 
m i 1 1 i pore f i 1 ters 
Identification of isolates was performed according to routine 
procedures utilizing general, selective, and differential media, as 
well as biochemical tests for speciation. Incubation was carred out 
at 37OC for 24 and 48 hours, depending on the type of medium and the 
type of test performed. 
Anaerobic incubation was carried out in a BBL anaerobic jar utilizing 
gas packets containing 95-percent H2 and 5-percent C02" 
2. Results 
Prior to the start of the 5-day test, water samples were obtained 
subsequent to the sterilization of the system. 
samples was performed by inoculating Thioglycollate broth and by filtration of 
500 ml of the water sample through a 0.45~ millipore filter. The filter was 
placed on Tryptic Soy Agar plate and both the Thioglycollate and filter were 
incubated aerobically for seven days at 37OC. 
culture. 
Sterility testing of two such 
No growth was evident in either 
The actual test run was started on 10/5/70 and ended on 10/9/70. Urine 
feed, brine, and product water samples were collected on a daily basis. Both 
quantitation and identification of isolates were performed on all samples. 
Samples were quantitated using Tryptic Soy Agar. Samples for identification 
were inoculated to the following media: 
cent sheep red blood cel Is) ,  Eosin-Methylene blue agar, Sabouraud's Dextrose 
agar, Mannitol Salt agar, and Thioglycal late broth. 
Phenylethylalcohol blood agar (5 per- 
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Table 4-5 shows the t o t a l  counts f o r  t he  5-day t e s t  o f  bo th  t h e  u r i n e  feed 
and b r i n e  concentrate.  
was between 20 and 30 percent  due t o  d i f f i c u l t i e s  w i t h  the  dens i t y  sensor and 
the  requirements f o r  b r i n e  sampling. 
concen t ra t i on  range. 
Dur ing most o f  t h e  5-day run t h e  b r i n e  concen t ra t i on  
The data o f  Table 4-5 a r e  g i ven  f o r  t h i s  
M i 1 1 i pore F i  1 t e r  
Quant i  t y  Tota 1 
F i  l t e r e d  ( m l )  Micro-organisms 
IO0 2 
500 37 
500 0 
500 0 
2 50 0 
TABLE 4-5 
U R I N E  AND B R I N E  MICROBIOLOGICAL ANALYSIS DATA 
Th iog lyco l  l a t e  
B ro th  
No Growth 
Growth 
Growth 
No Growth 
No Growth 
Micro-o 
Ur ihe  Feed 
Day 
I 
2 
3 
4 
5 
7 5.2 x IO 
1.01 x IO 8 
8 2.55 x IO 
8 2.5 x IO 
1.75 x 10 8 
Pour P la te  
Aerobic  Anaerobic 
0 0 
0 0 
0 0 
0 0 
0 0 
iani sms/ml . 
~~ ~ 
B r i ne  Concentrate 
No sample c o l l e c t e d  - 
8 1 . 8 3  x I O  
2 . 7  x IO 8 
8 2.35 x I O  
8 1.12 x IO 
As shown i n  Table 4-5, both  t h e  u r i n e  feed and b r i n e  concent ra te  conta ined 
cons iderab le  m i c r o b i a l  popu la t ions .  The s i g n i f i c a n c e  of  t h i s  data i s  d iscussed 
l a t e r .  
Table 4-6 shows the  v i a b l e  counts  ob ta ined from the  product  water .  Pour 
p l a t e s  were made o f  u n d i l u t e d  samples. 
TABLE 4-6 
QUANTITATION OF PRODUCT WATER 
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As i s  ev iden t  f rom Table 4-6, counts ob ta ined i n  the product  water  were 
ve ry  low. 
I d e n t i f i c a t i o n  o f  i s o l a t e s  was performed on a l l  t h ree  d a i l y  samples. The 
f o l l o w i n g  micro-organisms were ob ta ined from t h e  u r i n e  feed and b r i n e  concen- 
t r a t e :  Escher ich ia  c o l i ,  Micrococc i ,  Enterococci ,  Proteus v u l g a r i s  and 
Candida a lb icans .  No at tempt  was made t o  q u a n t i t a t e  the  var ious  groups o f  
micro-organisms, thus no conc lus ions  can be drawn concern ing predominat ing 
species. However, t he  same organisms were i s o l a t e d  i n  bo th  the  u r i n e  feed and 
b r i n e  concentrate.  
3. Discuss ion and Conclusions 
M i c r o b i a l  counts were performed on bo th  t h e  u r i n e  feed and b r i n e  
8 concentrate.  I t  i s  ev iden t  from t h e  h i g h  counts ( I O  / m l )  obta ined i n  the  u r i n e  
feed t h a t  some e f f e c t i v e  b i o c i d e  should be incorpora ted  i n t o  the u r i n e  feed t o  
keep m i c r o b i a l  growth a t  a minimum. Such a b i o c i d e  must be e f f e c t i v e  i n  u r i n e  
f o r  cons iderab le  per iods  o f  t.ime and a l s o  must n o t  appear as harmful products  
i n  the  product  water e i t h e r  as the  o r i g i n a l  b i o c i d e  o r  as breakdown products  
the reo f  as a r e s u l t  o f  t he  d i s t i l l a t i o n  process o r  hea t ing  process i n  the  
p y r o l y s i s  bed. 
The bu i l d -up  o f  m i c r o b i a l  f l o r a  i n  the  b r i n e  concen t ra te  was no t  s u r p r i s i n g .  
I t  was expected that ,  a s  the  b r i n e  increased i n  t o t a l  s o l i d s  content,  a con- 
comi tant  decrease i n  the  m i c r o b i a l  popu la t i on  would have occurred. However, 
h i g h  b r i n e  concent ra t ions  were no t  reached d u r i n g  the  f i v e  day run due t o  w i t h -  
drawal o f  b r i n e  samples and, as a resu l t ,  t h i s  e f f e c t  was no t  noted. The data 
i n  Table 4-5 does i n d i c a t e  a drop o f  about 59.0 percent  i n  the  m i c r o b i a l  popu- 
l a t i o n  o c c u r r i n g  f rom the  t h i r d  day t o  t h e  f i f t h  day. Whether o r  n o t  t h i s  
r e f l e c t s  an increase i n  the t o t a l  s o l i d s  conten t  o f  t he  b r i n e  i s  n o t  c l e a r  
f rom the  present  data.  A s i m i l a r  decrease i n  m i c r o b i a l  counts was observed i n  
t h e  u r i n e  feed and thus may r e f l e c t  a bu i l d -up  o f  t o x i c  cond i t i ons  i n  bo th  the 
u r i n e  feed and b r i n e  concentrate.  Fur ther  work i s  requ i red  t o  e l u c i d a t e  t h i s  
problem. 
M i c r o b i o l o g i c a l  a n a l y s i s  o f  t he  product  water  showed ' t h a t  the water  was 
w e l l  w i t h i n  t h e  l i m i t s  suggested by the  Space Science Board (no more than I O  
v i a b l e  micro-organisms pe r  m i  1 1  i 1 i t e r ) .  
v i a b l e  micro-organisms i n  the product  water .  
analyzed by the  pour p l a t e  method, these p l a t e s  be ing  incubated bo th  a e r o b i c a l l y  
and anaerob ica l l y .  No micro-organisms were detected, as was shown i n  Table 4-6.  
Since the numbers o f  micro-organisms were expected t o  be low, l a rge  q u a n t i t i e s  
o f  t he  product  water  were f i l t e r e d  through 0.451~1 m i l l i p o r e  f i l t e r s ,  w i t h  the  
f i l t e r s  subsequent ly placed on T r y p t i c  Soy Agar p l a t e s .  Growth was ob ta ined on 
the  f i r s t  and second days o f  the  t e s t  run. Colony counts showed t h a t  t h e  water 
conta ined less  than I micro-organism per  m i l l i l i t e r .  I d e n t i f i c a t i o n  o f  these 
i s o l a t e s  was performed and compared t o  those species found i n  bo th  the  u r i n e  
feed and b r i n e  concentrate.  The organism found i n  the  product  water  was no t  
found i n  e i t h e r  the  u r i n e  feed o r  b r i n e  concentrate,  thus i t  i s  assumed t h a t  
t h e  organism i s o l a t e d  from t h e  product  water  on days I and 2 was a chance 
contaminant and thus does no t  r e f l e c t  a breakdown i n  t h e  system a l l o w i n g  
Three methods were employed t o  d e t e c t  
Und i l u ted  samples ( I  .O m l )  were 
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organisms t o  o b t a i n  ent rance t o  the  product  water.  I f  such were t h e  case, i t  
would be expected t h a t  the  m i c r o b i a l  counts would be cons iderab ly  h igher  and 
would a l s o  r e f l e c t  t h e  m i c r o b i a l  p o p u l a t i o n  i n  k i n d  as found i n  the  u r i n e  feed 
and b r i n e  concentrate.  
Product water  was a l s o  inocu la ted  i n t o  T h i o g l y c o l l a t e  b ro th .  Growth i n  
the  b r o t h  occurred on the  second and t h i r d  days. I d e n t i f i c a t i o n  o f  t he  orga-  
nisms from t h e  b r o t h  on day 2 showed i t  t o  be the  same as t h a t  i s o l a t e d  from 
t h e  m i l l i p o r e  f i l t e r .  Growth i n  the  b r o t h  on day 3 was i d e n t i f i e d  as Proteus 
vu lga r i s ,  an organism found i n  bo th  the  u r  ne feed and b r i n e  concentrate.  
However, no growth was ob ta ined on the  m i  1 i p o r e  f i  1 t e r  (500 m l  product  water  
tested).  As i s  apparent from Table 4-6 i t  s u n l i k e l y  t h a t  t h e  product  water 
was contaminated e i t h e r  from the u r i n e  o r  he feed tanks. Rather contaminat ion 
i s  be l i eved  t o  have occurred d u r i n g  sampl ing o r  t e s t i n g .  
The f o l l o w i n g  p o i n t s  summarize t h e  r e s u l t s  and conclus ions ob ta ined from 
the  m i c r o b i o l o g i c a l  ana lys i s .  
M i c r o b i a l  growth i n  t h e ' u r i n e  feed i s  ex tens ive .  Fur ther  s tud ies  a r e  
requ i red  t o  reduce t h i s  growth, most probably  u t i l i z i n g  a b ioc ide .  This t e s t -  
i n g  i s  planned f o r  a l a t e r  date.  
From t h e  m i c r o b i o l o g i c a l  a n a l y s i s  performed on the  product  water, i t  i s  
concluded t h a t  the  q u a l i t y  o f  t h e  water  conformed t o  bo th  Pub l i c  Hea l th  
Standards and t o  those pu t  f o r t h  by NASA. 
Chemical Ana lys i s  o f  the  Product Water 
I .  Scope 
Chemical analyses o f  t he  product  water  were conducted throughout the t e s t  
pe r iod  t o  eva lua te  the  o v e r a l l  performance o f  t he  system. As mentioned pre-  
v ious ly ,  pH and c o n d u c t i v i t y  were moni tored cont inuous ly .  D a i l y  samples o f  
the product  water were drawn f o r  more comprehensive ana lys i s .  
analyses invo lved de te rm ina t ion  o f  t he  f o l l o w i n g  contaminants:  
Chemical 
N i t r a t e  ions 
Ammonium n i t r o g e n  
Phosphate ions 
Urea n i  t rogen 
Pheno 1 s 
Meta l  ions ( N i ,  Fey C r ,  Cu, Zn, Pb, S i )  
I n  add i t i on ,  t o t a l  s o l i d s  conten t  was measured. 
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2. Methods 
N i t ra tes ,  ammonium ni t rogen,  phosphates, urea n i t rogen,  and phenols were 
determined by  c o l o r i m e t r i c  techniques. These a r e  procedures which i n v o l v e  
r e a c t i n g  the  substance t o  be determined w i t h  some compound t o  produce a c o l o r .  
The i n t e n s i t y  o f  t h e  c o l o r  produced i s  d i r e c t l y  p r o p o r t i o n a l  t o  the  amount o f  
t h e  unknown substance t o  be determined. The i n t e n s i t y  o f  t he  c o l o r  i s  measured 
on a spectrophotometer by absorpt ion,  and compared t o  standards of  known 
q u a n t i t i e s ,  
( a )  Nitrates--ASTM D 992-52--Color imetr ic  t e s t  us ing  b ruc ine  a l k a l o i d  
and read a t  470 mp on a Beckman DB Spectrophotometer. Standard 
prepared f rom potassium n i t r a t e .  Accuvacy: 0.3 ppm. 
(b )  Ammonium Nitroqen--ASTM D 1426--Color imetr ic  t e s t  us ing  Nesslers 
reagent and read a t  460 mp, on Beckman DB Spectrophotometer. 
Accuracy: 1/2 ppm. 
( c )  Phosphates--ASTM DSI5--Colormetr ic t e s t  us ing  Vanadomolybdate t o  
develop ye l l ow  c o l o r  and read a t  400 mp on Beckman DB Spectrophoto- 
meter. Accuracy: 2 ppm. 
Phenols--ASTM D 1783--Color imetr ic  t e s t  u s i n g  4-aminoant ipyr ine t o  
develop c o l o r  and read a t  460 mu on Beckman DB Spectrophotometer, 
Accuracy: 5 ppb. 
Urea Nitrogen--Dow Diagnostest--Colorimetric t e s t  t o  determine the  
amount o f  n i t r o g e n  associated w i t h  urea i n  sample, 
urea present  may be ob ta ined by d i v i d i n g  t h i s  number by t h e  molecular  
we igh t  o f  n i t r o g e n  (14)  and m u l t i p l y i n g  by  the molecular  weight  o f  
urea (60.06). Determinat ion  made on Beckman D B  Spectrophotometer. 
( d )  
( e )  
The amount o f  
A l l  metal  ions were determined by atomic abso rp t i on  methods. When 
elements a re  e x c i t e d  by a flame, they have the  a b i l i t y  t o  absorb l i g h t  energy 
of a s p e c i f i c  wave length.  The amount o f  energy absorbed i s  p r o p o r t i o n a l  t o  
t h e  amount o f  i o n  present, thus p r o v i d i n g  a method o f  quan ta t i ve  a n a l y s i s  f o r  
t h a t  ion. The samples were read d i r e c t l y  w i t h o u t  d i l u t i o n  o r  concent ra t ion .  
T o t a l  s o l i d s  were determined by  a c c u r a t e l y  weighing an empty beaker, 
b o i l i n g  100 m l  o f  the  produc t  water  t o  dryness i n  the  beaker, and then re -  
weighing the  beaker t o  determine the  d i f f e r e n c e  ( t h e  weight  o f  t he  s o l i d s ) .  
3. Resul ts  
The r e s u l t s  o f  t he  product  water  q u a l i t y  t e s t s  a re  presented i n  Table 4-7. 
A l so  shown f o r  comparison a r e  the  water p u r i t y  requirements of NASA s p e c i f i c a -  
t i o n  MSC-SPEC-C35 and the water  p u r i t y  standards recommended by the  ad hoc panel .  
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4 .  Discuss ions 
A s  shown i n  Table 4-7, the  water  was g e n e r a l l y  o f  a h i g h  q u a l i t y  w i t h  the  
except ion  o f  odors, which were due t o  ove r load ing  the c a t a l y t i c  r e a c t o r  when 
l a r g e  q u a n t i t i e s  o f  b r i n e  were en t ra ined  f rom the  separator .  The f i r s t  occur -  
rence o f  ent ra inment  was on the  second day o f  t he  5-day test ,  when t h e  b r i n e  
dump v a l v e  opened upon a s i g n a l  f rom the  c o n t r o l l e r .  
tank  was a t  atmospher ic pressure a t  the  time, a i r  entered the b r i n e  loop, 
r e s u l t i n g  i n  l a r g e  q u a n t i t i e s  o f  b r i n e  ca r ryove r  i n t o  the  vapor loop. 
Since the  waste b r i n e  
B r i n e  ca r ryove r  a l s o  occurred when the  system was shut  down momentar i ly  
f o r  minor r e p a i r s .  These incidences were discussed p rev ious l y .  Evidence of 
heavy ca r ryove r  was found d u r i n g  i n s p e c t i o n  o f  t h e  hardware a f t e r  t h e  5-day 
t e s t .  
I n  t h e  deve lopmentoTthe  schematic f o r  t he  f l i g h t  c o n f i g u r a t i o n  o f  t he  
IWRS, p r o v i s i o n s  were incorpora ted  i n  the  system t o  prevent  car ryover  which 
cou ld  occur due t o  
Separator f lood inq- -A so leno id  s h u t o f f  va l ve  i n  the  feed l i n e  w i l l  
c l o s e  a u t o m a t i c a l l y  when separa tor  l e v e l  reaches a maximum value. 
Th is  v a l v e  serves as a back-up f o r  the normal c o n t r o l  va lve .  
Separator f a i l u re - -Shou ld  the  separa tor  f a i l  due t o  motor f a i l u r e  or 
separa tor  bea r ing  seizure,  a v a l v e  i n  the  vapor l i n e  w i l l  c l ose  
au tomat i ca l l y .  
Rapid dep ressu r i za t i on  of the  b r i n e  loop--A b leed va l ve  i n  p a r a l l e l  
w i t h  the condenser pressure r e g u l a t o r  w i l l  be used t o  l i m i t  t he  r a t e  
o f  d e p r e s s u r i z a t i o n  o f  t he  e n t i  r e  system. 
t h a t  bo th  the  vapor and l i q u i d  loops be depressur ized s imul taneously  
f rom ambient. 
Procedures w i  1 1  r e q u i r e  
B r i n e  tank overpressur iza t ion- -A  check v a l v e  i s  incorpora ted  i n  the  
b r i n e  dump l i n e  t o  p revent  reverse  f l o w  t o  the  b r i n e  loop. 
Wi th the  except ion  o f  t he  presence o f  ammonia and urea (see Tab le  4 - 7 )  
d u r i n g  the l a t t e r  p a r t  o f  t h e  tes t ,  the water  q u a l i t y  was e x c e p t i o n a l l y  good 
and met a l l  t h e  requirements o f  t h e  s p e c i f i c a t i o n .  Water produced d u r i n g  the  
shakedown t e s t s  w i t h  u r i n e  had no odor;  t h e  two water  samples taken d u r i n g  the  
f i r s t  day o f  the  5-day t e s t  (be fo re  separa tor  f l o o d i n g )  a l s o  had a ve ry  low 
ammonia conten t  and no odor. 
The problems encountered d u r i n g  t h e  l a t t e r  p a r t  o f  the  t e s t  do no t  i nvo l ve  
the  process per  se, b u t  r a t h e r  a r e  the  r e s u l t  o f  e r r o r s  i n  procedures and over-  
s i g h t s  i n  system design. I n  f u t u r e  development work, p rov i s ions  w i l l  be 
incorpora ted  i n  the breadboard u n i t  t o  p revent  such occurrences. 
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Discuss ion o f  System Test Data 
Several unique fac to rs  c o n t r i b u t e d  t o  performance c h a r a c t e r i s t i c  a t  v a r i -  
ance w i t h  the  expected r e s u l t s ,  I n  s p i t e  of  these anomalies, the system was 
successful  i n  performing i t s  pr imary func t ion- -p roduc t ion  of  po tab le  water  from 
u r i n e .  I n  t h e  e a r l y  p a r t  o f  t he  t e s t ,  t h e  water 'produced met the  standards 
p o t a b i l i t y  de f i ned  by NASA i n  bo th  chemical and m i c r o b i o l o g i c a l  composi t ion 
As mentioned above, procedura l  problems i n  t h e  l a t t e r  p a r t  o f  t he  t e s t  resu 
i n  b r i n e  ca r ryove r  i n t o  t h e  vapor loop and contaminat ion o f  t h i s  p o r t i o n  o f  
breadboard uni  t. 
Throughout the  t e s t  per iod,  t h e  product  water conta ined no b a c t e r i a  wh 
had passed through t h e  system from the  feed. These r e s u l t s  c o n s t i t u t e  a de 
s t r a t i o n  o f  system c a p a b i l i t y  and a v e r i f i c a t i o n  o f  t h e  concepts employed. 
o f  
t ed  
t h e  
ch 
on- 
As  a r e s u l t  o f  the system breadboard tests ,  g rea te r  i n s i g h t  was gained 
i n t o  the  process ing system performance and opera t ion .  The r e s u l t s  of  the  
analyses conducted a f t e r  complet ion o f  t h e  5-day t e s t s  a r e  discussed i n  the  
f o l l o w i n g  paragraphs. Major  ' t op i cs  i nc lude  
( a )  Separator a i r  leakage 
( b )  B r ine  ca r ryove r  
( c )  Compressor performance 
( d )  System thermal performance 
I .  Separator A i r  Leakaqe 
Several system opera t i ona l  and performance problems encountered d u r i n g  
t h e  5-day t e s t  were a d i r e c t  r e s u l t  o f  t h e  phase separator  performance. As 
discussed i n  Sec t ion  3, t h e  condenser vapor s i d e  heat t r a n s f e r  c o e f f i c i e n t  i s  
s t r o n g l y  a f fec ted  by t h e  amount o f  non-condensible gases i n  the  vapor. Whi le  
i n i t i a l  t e s t s  showed the  separator  face  seal  leakage t o  be acceptab ly  low 
(0.0016 lb /hr ) ,  separa tor  leakage increased p rog ress i ve l y ;  est imates (from sys- 
tem pressure bu i  ldup) o f  separa tor  leakage made d u r i n g  the  5-day t e s t  i n d i c a t e  
t h a t  as much as 0.15 l b / h r  o f  a i r  leaked through the  face sea l .  Examinat ion o f  
the  face  seal  a f t e r  t h e  5-day t e s t  showed the  separa tor  sea l  t o  be badly  damaged 
and supports t h i s  est imate.  The h i g h  leakage r a t e  reduced the  vapor heat t rans -  
f e r  c o e f f i c i e n t  by a f a c t o r  o f  about 3 t o  4 ,  as shown i n  the  data ana lys i s  pre-  
sented i n  Sec t i on  3. I t  a l s o  r e s u l t e d  i n  a reduc t i on  i n  the  p a r t i a l  pressure 
o f  the  water i n  the  condenser, s i n c e  the  t o t a l  pressure remained a t  t he  se lec ted  
va lue o f  1.5 ps ia  w i t h  t h e  non-condensibles account ing f o r  15 percent  o f  t he  
t o t a l  pressure i n  t h e  condenser, t h e  condensing temperature i s  lowered from 116 
t o  I IOOF, thus reducing the  temperature d i f f e r e n c e  from the  condensing steam 
t o  the  b r i n e  by approx imate ly  50 percent .  The degraded condenser performance 
caused a s h i f t  i n  t he  system opera t i ng  p o i n t  t o  a lower mass f l o w  ra te .  This 
was brought about because o f  t he  h igher  pressure r a t i o  needed t o  t r a n s f e r  t he  
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heat i n  the  condenser. Th is  h igher  pressure r a t i o  moved the  opera t i ng  p o i n t  
o f  t he  compressor t o  a lower f low ra te ,  an o f f -des ign  c o n d i t i o n .  Operat ion 
a t  a h igher  pressure r a t i o  and lower f low r a t e  than optimum, toge the r  w i t h  
compression o f  t he  a i r  l eak ing  i n t o  the  separator ,  caused a s i g n i f i c a n t  i n -  
crease i n  compressor power. These performance c h a r a c t e r i s t i c s ,  a1 1 a r e s u l t  
of t he  s i n g l e  problem--a i r  leakage i n t o  the  separator- -can be aver ted  by 
u t i l i z i n g  a separa tor  des ign not  r e q u i r i n g  r o t a t i n g  sea ls .  
2. B r ine  Carryover 
General ly ,  the phase separator  performed p r o p e r l y  d u r i n g  s teady-s ta te  
ope ra t i on ;  however, r a p i d  dep ressu r i sa t j on  o f  t he  b r i n e  loop accounted f o r  the  
decrease i n  water  q u a l i t y  noted a t  severa l  p o i n t s  d u r i n g  the t e s t .  
Several  t imes d u r i n g  the  system t e s t  w i t h  ur ine,  t he  gas f l o w  r a t e  i n  t h e  
separator  was excessive, caus ing car ryover  o f  b r i n e  i n t o  the  vapor s i d e  o f  the  
system. T h i s  occurred when a i r  was in t roduced i n t o  t h e  system through the  
dump va lve  ( p o i n t  B on F igures 4-9 and 4 - 1 0 )  and d u r i n g  r a p i d  dep ressu r i za t i on  
o f  the separator  ( p o i n t s  G, H and J on F igures 4-9 and 4 - 1 0 ) .  
these procedura l  problems can be seen by n o t i n g  the c o n d u c t i v i t y  o f  the  
reclaimed water  i n  F igure  4-10. The c o n d u c t i v i t y  da ta  a l s o  agree w i t h  the  
chemical water  analyses o f  Table 4-7, which show the  n i t r o g e n  conten t  o f  the  
product  water  i nc reas ing  from 10 /7 /70  through 10/9/70.  Throughout the  th ree  
days o f  t e s t i n g  w i t h  ur ine,  p r i o r  t o  p o i n t  B ( two days of which were the  u r i n e  
shakedown t e s t ) ,  t h e  water c o n d u c t i v i t y  remained below 100 micromhos/cm. 
Fo l low ing  the  i n t r o d u c t i o n  o f  a i r  i n t o  t h e  b r i n e  loop a t  p o i n t  B, t h e  conduc- 
t i v i t y  o f  t he  water  increased t o  about 150 micromhos/cm. The elapsed t ime 
between p o i n t  B and t h e  r a p i d  r i s e  i n  water  c o n d u c t i v i t y  i s  cons i s ten t  w i t h  t h e  
res idence t ime o f  water  i n  the  condenser. S i m i l a r  responses occurred f o l l o w i n g  
the  r a p i d  dep ressu r i za t i on  o f  t he  separator  a t  p o i n t s  G, H, and J .  The inco r -  
p o r a t i o n  o f  a system b leed va l ve  i n  p a r a l l e l  t o  the  system pressure r e g u l a t o r  
w i l l  p rec lude t h i s  f rom happening i n  a f l i g h t  system. The f l o w  o f  a i r  i n t o  
the  system through the  b r i n e  dump v a l v e  can be co r rec ted  by use o f  a check 
v a l v e  i n  the  dump l i n e .  I t  should a l s o  be noted t h a t  the proposed separator  
design, w i t h  a magnetic c o u p l i n g  and pressure sheT1 separate f rom t h e  r o t a t i n g  
bowl, w i l l  be less  s u s c e p t i b l e  t o  these occurrences. The volume between t h e  
bowl and s h e l l  w i l l  p rov ide  a plenum chamber w i t h  a l a r g e  sur face  area f o r  
evapora t ion  o f  any l i q u i d  b r i n e  which m igh t  be c a r r i e d  ou t  o f  the  separator  
bowl. 
The e f f e c t  o f  
3. Compressor Performance 
As a r e s u l t  o f  t he  increased performance requirements imposed on the  
compressor by the  a i r  leakage problems, i t  was necessary t o  opera te  the  
compressor a t  a h ighe r  speed, Th is  increase i n  compressor speed, together  
w i t h  a h igher  ope ra t i ng  temperature than i n  normal usage, caused a f a i l u r e  o f  
the  compressor motor bear ings.  Fai l u r e  o f - these bear ings has no s i g n i f i c a n c e  
whatever on the  performance as the l i f e  o t  the v o r t e x  u n i t ,  s ince  i n  a f l i g h t  
system, a motor designed s p e c i f i c a l l y  f o r  t h i s  a p p l i c a t i o n  would be employed. 
Th is  f a i l u r e  did, however, have an e f f e c t  on t h e  system t e s t .  As i nd i ca ted  i n  
the  d i scuss ion  i n  Sec t i on  3, i t  i s  f e l t  t h a t  t he  system shutdown d u r i n g  r e p a i r  
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o f  the  compressor motor c o n t r i b u t e d  d i r e c t l y  t o  t h e  condenser tube f o u l i n g  
exper ienced s h o r t l y  t h e r e a f t e r .  
a t  low temperature and h i g h  b r i n e  concent ra t ion ;  i t  i s  est imated t h a t  b r i n e  
f low ra tes  as low as 70 l b /h r  were exper ienced i n  the  l i q u i d  loop f o l l o w i n g  
system s t a r t u p  a f t e r  compressor motor f a i l u r e .  
Tube f o u l i n g  was a d i r e c t  r e s u l t  o f  ope ra t i on  
4 .  Thermal Performance 
A s  i nd i ca ted  e a r l i e r ,  approx imate ly  6 percent  o f  t he  water  supp l ied  d u r i n g  
t h e  system t e s t  was c a r r i e d  overboard through the vacuum vent  on the  condenser. 
Th is  carryover,  excess ive f o r  a spacecra f t  system, i s  a r e s u l t  of  an imbalance 
i n  the power and heat l eak  o f  t h e  system. I f  an excess o f  energy i s  supp l ied  
t o  the  b r i n e  loop o u t s i d e  o f  t he  condenser, t he  vapor f l o w  r a t e  w i l l  be too  
h i g h  t o  be t o t a l l y  condensed i n  the  condenser. Th i s  c o n d i t i o n  i s  aggravated 
by low heat  t r a n s f e r  ra tes  i n  the  condenser and by the  prescence of  a i r ,  as 
exp la ined above. With low condenser heat t r a n s f e r  rates,  the pressure r a t i o  
requ i red  between the  separa tor  and condenser i s  high, w i t h  a f i x e d  condenser 
pressure;  t h i s  imp l i es  a lower seDarator pressure and, therefore,  a lower 
l i q u i d  loop temperature.  The separator  temperature w i l l  be an average of  about 
10°F t o o  low. Th is  means t h a t  t he  heat  l eak  f rom the  b r i n e  loop i s  about 
25 percent  less than a n t i c i p a t e d .  The t o t a l  b r i n e  loop heat leak  i s  on the  
o rde r  o f  150 Btu /hr ;  therefore:, the  excess energy o f  t h e  b r i n e  loop over  t h a t  
a n t i c i p a t e d  i s  approx imate ly  40 B t d h r . ,  approx imate ly  t h a t  requ i red  f o r  t h e  
amount o f  ca r ryove r  exper ienced. T h i s  was f u r t h e r  aggravated by the  i n a b i l i t y  
t o  p r o p e r l y  c o n t r o l  t he  condenser vapor i n l e t  temperature. A s  i nd i ca ted  by 
F igu re  4-9, t h e  i n l e t  temperature was c o n s i s t e n t l y  i n  excess of  15OoF, the  
va lue  des i red  f o r  s i m u l a t i o n  o f  t he  recupera tor  performance. Th is  c o n t r i b u t e d  
an average o f  I O  t o  15 Btu/hr  i n  excess energy, a l s o  adding t o  the  water  c a r r y -  
over  t o  vacuum. The heat  balance o f  the system i s  s i g n i f i c a n t  o n l y  when i t  i s  
i n  excess o f t h a t i w h i c h  can be absorbed by the  b r i n e  loop and heat l eak  i n  t h e  
condenser. When the  heat balance i s  s l i g h t l y  the  o t h e r  way, heat losses exceed 
power i npu t  a t  the  nominal ope ra t i ng  cond i t ion ,  t he  p roduc t i on  r a t e  w i l l  decrease 
s l i g h t l y  and system temperatures w i  1 1  a d j u s t  t o  p rov ide  a c o r r e c t  balance. 
t he  heat  losses a r e  v e r y  much l a r g e r  than the  power inputs,  as was t h e  case i n  
t h e  e a r l y  breadboard tes ts ,  a d d i t i o n a l  energy must be supp l ied  by heaters  t o  
o b t a i n  reasonable p roduc t i on  ra tes .  
When 
D e t a i l e d  analyses o f  heat  losses were conducted as p a r t  o f  the  p r e l i m i n a r y  
des ign  e f f o r t s .  The r e s u l t s  o f  these analyses were incorpora ted  i n  the  per form- 
ance p r e d i c t i o n  computer program. 
By e l i m i n a t i o n  o f  the  a i r  leakage i n t o  t h e  separator,  t he  heat t r a n s f e r  
c a p a b i l i t y  of the  heater-condenser w i l l  be increased s i g n i f i c a n t l y .  I t  i s  
recommended t h a t  the  heater-condenser be over-designed t o  p rov ide  a margin o f  
s a f e t y  so  t h a t  s l i g h t  thermal imbalances i n  t h e  system w i l l  not  r e s u l t  in water  
vapor car ryover .  
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5. Semi-Batch Process Control 
As mentioned previously, the density sensor count rate was found to be 
dependent on the liquid level in the phase separator and accurate density 
measurement at brine loop liquid contents lower than about 500 cc could not 
be achieved. As a result it was decided to override the automatic control 
circuitry by manually increasing the count rate at which the brine valve 
should be signaled to open. This manual adjustment was necessary t o  prevent 
brine dump at low salt content. 
The characteristics of the density sensor is essentially dependent on the 
separator bowl geometry and on the internal volume of the entire liquid loop. 
Redesign of this separator bowl so that the density source x-ray beam be sub- 
merged at liquid loop contents as low as 250 cc would improve the density sensor 
characteristics and divorcedensity sensing from separator level in the range of 
liquid volumes encountered in the semi-batch mode of operation. 
Many brine samples were drawn from the liquid loop during the 5-day test. 
The volume of the samples and the sampling frequency had to be reduced to 
permit buildup of the brine concentration above 25 percent. On the last day 
of the 5-day test the controller cycled the brine dump valve open at a brine 
concentration of 40 percent. At that time the control count rate had been 
adjusted upwards to accommodate the poor density sensor characteristic. 
Although this adjustment was necessary the semi-automatic cycling o f  the 
dump valve by the controller circuitry was demonstrated. 
It is recommended that in redesigning the separator attention be paid to 
the bowl shape to permit density monitoring in the level range from 1000 to 
150 cc. 
AIRESEARCH MANUFACTURING COMPANY 
Los Angeles, California 
70-7018, Rev. I 
Page 4-44a 
Conclusions and Recommendations 
The f o l l o w i n g  conclus ions can be drawn from t h e  t e s t  da ta  and the 
d iscuss ions presented above: 
( a )  The system capabi 1 i t y  t o  produce very pure water, f r e e  o f  bac te r ia ,  
has been demonstrated. 
(b )  The bas i c  hardware approaches se lec ted  a r e  s a t i s f a c t o r y .  Extens ive 
t e s t i n g  a t  the  system l e v e l  has e s t a b l i s h e d  the  requirements f o r  
des ign improvements, e s p e c i a l l y  t o  e l i m i n a t e  phase separator  a i r  
1 ea kage. 
( c )  General ly, the system arrangement and c o n t r o l  scheme has been 
demonstrated s u c c e s s f u l l y .  A d d i t i o n  o f  hardware t o  prevent  b r i n e  
ca r ryove r  i n  t h e  l i q u i d  loop, due t o  component f a i l u r e  o r  procedural  
e r r o r ,  i s  i nd i ca ted .  
On t h e  b a s i s  o f  t h e  system-level  t e s t  program conducted and t h e  analyses 
performed t o  e l u c i d a t e  t h e  system behavior and the  performance o f  s p e c i f i c  
components i n  the  system, t h e  f o l l o w i n g  recommendations a re  made. These 
recommendations i n v o l v e  system arrangement as  w e l l  as  component design, s ince  
t h e  performance o f  any o f  t h e  major system components i s  v e r y  much r e l a t e d  t o  
t h e  performance o f  t h e  e n t i r e  system. 
of system e f f e c t s ;  re fe rence  i s  made t o  Sect ion 3 f o r  f u r t h e r  component-level 
recommendations. 
Components a r e  considered here i n  terms 
(a )  P rov i s ions  must be incorporated t o  prevent  a i r  leakage. 
respect, p a r t i c u l a r  a t t e n t i o n  must be paid t o  t h e  b r i n e  loop where 
a i r  leakage cou ld  r e s u l t  i n  1 i q u i d  ca r ryove r .  
I n  t h i s  
(b )  Hardware must be included i n  the  system t o  prevent b r i n e  ca r ryove r  
i n t o  t h e  vapor loop due t o  f a i l u r e  o r  ope ra to r  e r r o r .  The f o l l o w i n g  
equ i pmen t i s recommended : 
( I )  A check v a l v e  i n  t h e  b r i n e  dump l i n e  t o  prevent  reverse f low. 
( 2 )  A so leno id  s h u t o f f  va l ve  i n  t h e  vapor d e l i v e r y  l i n e  t o  the 
compressor. Th is  va l ve  would be actuated c losed i n  the  event 
o f  separator  mal funct ion.  
(3 )  A so leno id  s h u t o f f  va l ve  i n  the  b r i n e  loop feed l i n e .  This  
v a l v e  i s  a backup t o  t h e  normal c o n t r o l  va lve.  
( 4 )  A b leed v a l v e  t o  p rov ide  l i m i t e d  and c o n t r o l l e d  d e p r e s s u r i z a t i o n  
c a p a b i l i t y  o f  t h e  b r i n e  loop. 
( c )  I n  packaging the  system components, c a r e f u l  a t t e n t i o n  must be p a i d  
t o  thermal energy balance t o  o b v i a t e  water  vent overboard. I n s u l a -  
t i o n  w i l l  be requ i red  c o n s i s t e n t  w i t h  t h e  power expended i n  the  
system components and t h e  thermodynamic l i m i t a t i o n s  o f  t h e  hea te r -  
condenser. 
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(d )  Compressor performance improvement i s  des i rab le .  A motor s p e c i f i c a l l y  
designed f o r  t h i s  u n i t  i s  necessary t o  assure long l i f e .  
The phase separa tor  proved to  be v e r y  troublesome d u r i n g  system t e s t s .  
Component-level t e s t s  i nd i ca ted  the  need f o r  redesign t o  reduce 
ent ra inment .  System-level t e s t s  showed c o n c l u s i v e l y  t h a t  the u n i t  as 
c u r r e n t l y  designed i s  no t  s u i t a b l e  f o r  even a breadboard u n i t ,  due t o  
h i g h  a i r  leakage through the face seal .  Design improvement recom- 
mended i n v o l v e  complete redesign t o  ( I )  e l i m i n a t e  the  face  seal  by 
use of  a magnetic d r ive ,  ( 2 )  accommodate the  d e n s i t y  c o n t r o l l e r ,  and 
(3)  e l  im ina te  braze j o i n t s  t o  prevent  co r ros ion .  
(e )  
( f )  The heater-condenser should be improved. The low thermal performance 
o f  the system d u r i n g  t e s t s  (as mani fested by lower process ing r a t e  
than des ign  and r e l a t i v e l y  h i g h  vapor sent  overboard) a r e  no t  a t t r i -  
buted t o  t h i s  u n i t ,  b u t  r a t h e r  t o  the  l a r g e  a i r  leakage i n t o  the  
phase separator .  Improvements a re  recommended t o  inc lude ( I )  a new 
c o n f i g u r a t i o n  t o  reduce heat l eak  t o  a minimum (see F igure  3-23) and 
( 2 )  a l a r g e r  u n i t  w i t h  increased heat  t r a n s f e r  performance t o  p rov ide  
a sa fe ty  f a c t o r  and e l i m i n a t e t h e  p o s s i b i l i t y  o f  vapor ven t ing  
ove rboa r d  . 
(9 )  The r e a c t o r  performed s a t i s f a c t o r i  l y  except when car ryover  occurred. 
Even under over load cond i t i ons ,  t he  r e a c t o r  proved t o  be an e f f e c -  
t i v e  b a r r i e r  i n  p reven t ing  b a c t e r i a  ent ra inment  t o  the  po tab le  water  
p o r t i o n  o f  t h e  loop. Component-level development requirements a r e  
g i ven  i n  Sec t ion  3 .  
(h )  The c o n t r o l  system performance i s  judged t o  be s a t i s f a c t o r y .  The 
nuc leon ic  technique o f  l e v e l  and d e n s i t y  c o n t r o l  was demonstrated 
w i t h  the l i m i t a t i o n s  imposed on the  d e n s i t y  sensor by t h e  phase 
separator  bowl geometry. The l e v e l  sensor performed i n  a ve ry  
s a t i s f a c t o r y  manner, The l o g i c  c i r c u i t r y  designed and developed 
f o r  semi-batch c o n t r o l  o f  t h e  water  recovery process was demonstrated 
s a t i s f a c t o r y .  
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COMPONENT DETAIL D E S I G N S  
Component de ta i l - des ign  a c t i v i t i e s  were he ld  a t  a minimum compat ib le w i t h  
f a b r i c a t i o n  under the  d i r e c t  superv is ion  o f  program engineer ing personnel. 
A l l  drawings and sketches, from which the system components were b u i l t ,  
a re  t ransmi t ted  t o  NASA under separate package. A complete l i s t  o f  these 
drawings i s  g iven below. 
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SYSTEM PERFORMANCE OPTIMIZATION 
-1nt roduct i on 
The system computer program, described in detail in Appendix B of this 
report, was used to investigate system performance variations as a result of 
component performance or configuration changes and system operating parameter 
changes, The variations considered in this analysis were: 
(a) Component variations: 
Condenser tube diameter 
Compressor pressure ratio 
Separator speed/brine flow rate 
(b) Operating condition variations: 
Condenser vent pressure 
B r i ne concent rat ion 
Baseline System 
The system defined as the baseline for this analysis is described here 
to provide a point of reference to evaluate the variations listed above, The 
analysis was restricted to the IWRS processing loop, including the following 
components: 
(a )  Separator 
(b) Compressor 
(c) Recuperator-Reactor 
(d) Flash Valve 
(e) Heater-Condenser 
(f) Interconnect i ng I i nes 
1 .  Separator 
The separator configuration assumed for this analysis is that which was 
described as the recommended separator in Section 3 of this report. The 
primary characteristics significant in this analysis are: 
Drum diameter, 6.0 in. 
Drum length, 4.0 in. 
Pitot tube radius, 2.7 in. 
Heat leak, 1.0 Btu/hr O F  
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2. Compressor 
The performance o f  t h e  compressor used as t h e  base l i ne  f o r  t h e  performance 
ana lys i s  is shown i n  F i g u r e  4-14, The power curve o f  F igu re  4-14 i s  t h e  power 
requ i red  by t h e  compressor o n l y  and does no t  i nc lude  t h e  power losses o f  t he  
bearings, t h e  magnetic coupl ing,  o r  t h e  motor. The bear ing  and coup l i ng  
losses a r e  determined separa te l y  i n  t h e  computer program. 
3. Recupe r a t o  r -Reac t o  r 
The base l i ne  recuperator  design i s  a shel l -and-tube, c ross-counter - f low 
heat exchanger. The u n i t  con ta ins  a c a t a l y s t  bed a t  one end. I n l e t  f l o w  i s  
over t h e  tube bundle. An e l e c t r i c a l  heater  i s  imbedded i n  t h e  c a t a l y s t  bed 
t o  ma in ta in  the  ho t  end temperature. The e n t i r e  u n i t  i s  i n s u l a t e d  t o  m i n i -  
mize heat l oss  t o  ambient. Table 4-8, below summarizes the  c h a r a c t e r i s t i c s  
o f  t h e  recupera to r / ca ta l ys t  bed u n i t .  
4 e Hea t e  r-Condense r 
The condenser i s  a s ing le - tube  heat  exchanger w i t h  b r i n e  f l o w i n g  on the  
The f l o w  i s  arranged 
The tube i s  
i n s i d e  and vapor f l o w i n g  over  t h e  o u t s i d e  o f  t h e  tube. 
i n  a coun te r - f l ow  p a t t e r n  t o  p rov ide  t h e  maximum e f fec t i veness .  
arranged i n  a c y l i n d r i c a l  c o i l  w i t h  t h e  vapor f l o w i n g  between adjacent  passes 
o f  t h e  tube, The spacing of  t he  t u b i n g  i s  v a r i e d  t o  p rov ide  a reasonable 
vapor v e l o c i t y  throughout t h e  length.  The spacing i s  maximum a t  t h e  i n l e t  
and minimum a t  t h e  o u t l e t ,  
The computer program t r e a t s  the condenser tube i n  seven increments and 
performs heat  t rans fe r  ana lys i s  on each increment. Table 4-9 below shows the  
tube leng th  and spacing f o r  these increments. The tube dimensions a r e :  length,  
144 in . ;  diameter, 0.219 O . D . ;  w a l l  th ickness, 0.016 in .  The computer program 
uses the  heater-condenser geometry o f  the  breadboard u n i t  r a t h e r  than t h a t  
shown i n  F igure  3-23. Because o f  the  na tu re  o f  the process t a k i n g  p lace  i n  
t h a t  u n i t  t h e  a c t u a l  geometry o f  t he  heater-condenser w i  1 1  no t  a f f e c t  p e r f o r -  
mance apprec iab ly .  
I n te rconnec t inq  L ines 
The l i n e s  j o i n i n g  t h e  system components a r e  a l s o  considered i n  t h i s  
ana lys is ,  The l i n e  lengths  used f o r  t h e  base l i ne  system a r e  summarized below 
i n  Table4-IO. Very conserva t ive  tube lengths were assumed. 
I n  a d d i t i o n  t o  t h e  l i n e  lengths l i s t e d  below, an equ iva len t  l eng th  o f  
l i n e  i s  used i n  t h e  program t o  s imu la te  a s h u t o f f  v a l v e  between t h e  separator  
and compressor, Equ iva len t  lengths a r e  a l s o  used i n  the  b r i n e  l i n e  t o  s imu la te  
two 90-degree bends between the  separa tor  and condenser and a l s o  two 90-degree 
bends w i t h  i n the  condenser. 
AIRESEARCH MANUFACTURING COMPANY 
10s Angeles, Californla 
70-7018, Rev. I 
Page 4-50 
80 
v) BO 
a 
I- 
I- 
3 
cr: 
W 
.\ 
5 40 
Q 
20 
0 
3 
TI0 
'RESSURE: 
6 
0.75 PS 
INLET FLOW, CFM 
S-62741 
Figure  4-14. Compressor Performance 
AIRESEARCH MANUFACTURING COMPANY 
Los Angels, California 
70-7018, Rev. I 
Page 4-51 
TABLE 4-8 
RECUPERATOR AND CATALYST B E D  CHARACTERISTICS 
Rec u p e  ra t o  r 
Number of t u b e s  
Tube  l e n g t h  
Tube  d i a m e t e r  
T u b e  w a l l  t h i c k n e s s  
Tube  b u n d l e  p i t c h  ( ) 
Number of p a s s e s  o n  s h e l l  s i d e  
F low a r e a / p a s s  
Number of b a f f l e s  
F l o w  a r e a / b a f f  l e  
S h e l  1 d i a m e t e r  
S h e l  1 t h i c k n e s s  
C a t a l y s t  Bed 
Bed d i a m e t e r  
Bed l e n g t h  
S c r e e n  mesh 
Wire d i a m e t e r  
Number of s c r e e n s  
124 
20 in .  
0.125 I. O.D. 
0.005 i n .  
0. I875  i n .  
16 
0.94 in. 
15 
2.16 i n .  
3.0 i n .  
0.030 i n ,  
2 
2 
2.25 i n .  
3.0 i n .  
20 wi res/ i n. 
0.016 in .  
94 
( I )  T u b e s  are  a r r a n g e d  i n  t h e  form o f  a n  e q u i l a t e r a l  
t r i a n g l e  w i t h  t h e  p i t c h ,  d e f i n e d  as t h e  l e n g t h  of o n e  
s i d e  of t h e  t r i a n g l e  ( c e n t e r  t o  c e n t e r ) .  
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TABLE 4-9 
CONDENSER CHARACTERISTICS 
I nc remen t 
~ 
Length, in. 
32.7 
27.7 
23,3 
19.5 
16. 1 
13,2 
11.5 
Spacing, in, 
0.50 
0.50 
0.40 
0.40 
0.22 
0.22 
0.22  
TABLE 4-10 
INTERCONNECTING LINES CHARACTERISTICS 
Length, 
f t  
Separator t o  compressor 
Compressor t o  recuperator  
Rec up e r a t  o r t o  con dens e r 
B r ine  Lines: 
Separator t o  condenser 
Condenser t o  separator 
I n s  i de D i ameter, 
I n. 
0.45 
0,45 
0.45 
0,20 
0.20 
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Performance Ana 1 y s  i s 
W i t h  t h e  system configured as described above, t h e  control system w i l l  
function i n  a semi-batch mode of operation where t h e  br ine concentration 
w i l l  vary from e s s e n t i a l l y  zero a t  s t a r t  of operation t o  50 percent j u s t  
p r ior  t o  t h e  dump cycle. During continuous operation, the  system w i l l  operate 
be tween 17 and 50 percent concentration. However, t h e  majority of water w i l l  
be  removed w i t h  brine concentration be tween 17 and 25 percent. Therefore, 
during the invest igat ion of other  system parameters, t h e  brine concentration 
w i l l  b e  f ixed a t  20 percent. T h i s  concentration was se lec ted  as t h e  d e s i g n  
point f o r  t h e  system. Performance as  a function of br ine concentration is 
discussed l a t e r  i n  t h i s  section. 
F i g u r e  4-15 is a schematic of t h e  processing u n i t  performance a t  20 per- 
cent b r i n e  concentration. 
case. T h e  case represents a nominal run s i t u a t i o n  f o r  t h e  processing u n i t  
and w i l l  b e  t h e  basis fo r  comparison of t h e  other  cases. T h e  power of the 
compressor and separator  g i v e n  i n  F i g u r e  4-14 does not include the motor 
eff ic iency,  A motor e f f ic iency  of 70 percent was assumed t o  obtain t h e  power 
numbers shown i n  Figure 4-15. 
F i g u r e  4-16 shows t h e  computer pr intout  f o r  t h i s  
I .  Component Variations 
Since one of t h e  c r i t i c a l  components i n  the system is t h e  compressors t h e  
e f f e c t  of t h e  compressor performance on system performance was examined. 
baseline compressor performance curve was increased by I O  and 20 percent (IO 
and 20 percent higher pressure r a t i o  a t  a g i v e n  flow ra t e ) .  
t h e  water production r a t e  as  a function of compressor performance. As i n d i -  
cated by Figure 4-17, although t h e  pressure r a t i o  f o r  a g i v e n  flow was i n -  
creased by 20 percent, the r e s u l t i n g  increase i n  water production r a t e  is only 
about s i x  percent. T h i s  is the result  of an adjustment of the e n t i r e  system 
operating level t o  accommodate the change i n  compressor performance. T h e  
separator  pressure is s l i g h t l y  lower, w i t h  the  r e su l t  t ha t  t h e  compressor 
pressure r a t i o  i s  1.64 versus 1.59 f o r  t h e  nominal compressor performance, 
These data as  w e l l  a s  o ther  system parameters a r e  shown i n  Figure4-18, show- 
i n g  system performance w i t h  compressor performance 20 percent grea te r  than 
nomi na 1 .  
The  
Figure 4-47 shows 
The second c r i t i c a l  component which was analyzed is t h e  condenser. T h i s  
component, more than any other ,  controls  the overal l  production r a t e  of the 
system, In order t o  increase t h e  system eff ic iency,  a higher brine flow 
ra t e  and more heat t r ans fe r  area would b e  beneficial .  Both of these a re  
achieved by increasing t h e  diameter of t h e  heat exchanger t u b e .  The  r e su l t -  
i n g  system performance is shown i n  Figure 4-19. A s  indicated by Figure 4-19, 
there is s ign i f i can t  potent ia l  fo r  improved system ef f ic iency  by increasing 
t h e  heat exchanger t u b e  diameter. This, however, cannot b e  realized on t h e  
system because, i n  s p i t e  of t h e  increased brine flow ra te ,  t h e  f l u i d  veloci ty  
i n  the t u b e  is decreased. T h e  f l u i d  veloci ty  m u s t  b e  maintained i n  order t o  
prevent deposit ion of so l id s  and blockage of t h e  t u b e ,  
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Separator speed was also varied to determine the effect on system per- 
formance. This has much the same effect as increasing the heat exchanger tube 
diameter without decreasing the fluid velocity. Figure 4-20 shows the system 
performance for a separator speed of 2000 rpm (from the design value of 1800 
rpm). The water production rate is increased from 1.38 to 1.44 lb/hr. This, 
however, requires an increase in system power of I I watts. This represents a 
disproportionate power increase by comparison with production rate increase 
and therefore a decrease in system efficiency. 
2 .  Operational Variations 
The system described as the baseline system represents a near optimum 
design within the limitations of the performance of the components. Increased 
system efficiency can be obtained only by increasing the efficiency of indi- 
vidual components. It is therefore of interest to investigate the system 
performance in response to variations in operating parameters. Essentially 
two parameters, brine concentration and condenser pressure, can be varied 
during system operation. Condenser pressure can be adjusted to vary system 
output to maintain the proper water inventory. Brine concentration will 
vary during operation in response to the system feed and dump control, 
If the system will operate satisfactorily over a range of condenser vent 
pressures, the water production rate can be adjusted to meet the desired rate 
determined by waste water production. A system such as this must be able to 
accommodate a range of production rates since starting and shutdown to control 
process rate of the system require somewhat extensive procedures. Computer 
simulation runs were made with system vent pressures of I , O  to 2.0 psia. Fig- 
ure 4-21 shows the resulting water production rate versus vent pressure. As 
indicated, the water production rate will vary from 1.0 lb/hr at 1.0 psia vent 
pressure to 1.73 lb/hr at 2.0 psia vent pressure. The variation will be 
adequate for good inventory control of waste and product water storage. 
Figure 4-22 shows system performance at 1.0 psia vent pressure. Although the 
production rate is variable, the specific power consumption (power consumption/ 
water production rate) is higher at the lower pressures. Figure 4-23 shows 
specific power consumption as a function of condenser pressure. The specific 
power consumption decreases as the pressure, hence flow rate, is increased. 
This is primarily due to spreading the fixed power of the system (the separa- 
tor and the heat leak of the recuperator) over a higher flow rate, 
benefit tends to disappear as the operating pressure significantly differs 
from the nominal value due to operation of the compressor at off-design 
conditions. 
This 
During normal system operation, the brine concentration wi 1 1  vary in 
response to the control system feed and dump cycling. The control sequence 
is discussed in some detail earlier in this report, From the control system 
analysis and the volume of brine in the separator and brine lines, it was de- 
termined that the brine concentration will vary from 17 to 25 percent while 
urine is fed into the system. Between 25 and 50 percent, no feed is provided 
and the separator level is deweased. At 50 percent, some brine is dumped; 
the remaining brine is diluted with feed urine to bring the concentration 
back t o  17 percent. 
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Figure 4-21. Water Production Rate vs Condenser Vent Pressure 
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Figure 4-23. S p e c i f i c  Power vs Vent Pressure 
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The limits of the operational cycle are summarized in Table 4-11 below- 
TABLE 4-1 I 
SYSTEM PARAMETERS AT LIMITS OF CONTROL SYSTEM 
System 
Phase 
Startup 
End of Dilution 
End of Feed 
Start of Dump 
Br i ne Concent rat ion, 
percent 
0 
17 
25 
50 
Separator Bevel, 
3 i n. 
50 
50 
50 
25 
Figure 4-24 shows the water production rate as a function of brine con- 
centration. This figure clearly shows the penalty involved in continuous 
operation at high concentrations, Figures4-25, 4-26, 4-27, and 4-28 show the 
system performance for the state points corresponding to the control limits 
(0, 17, 25 and 50 percent brine concentration). An even more significant 
indication of the penalty involved in operation at high brine concentrations 
is given by Figure 4-29. This shows that although system power does not vary 
significantly over the operational range of brine concentrations, the specific 
power of the system nearly doubles in going from concentrations near zero to 
concentrations near 50 percent. Computer output of the system analysis for 
brine concentrations of 0 and 50 percent are shown in Figures 4-30 and 4-31, 
respectively. 
of individual system parameters with concentration. 
These can be compared to Figure 4-16 t o  ascertain the variation 
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Figure 4-24. Water Production Rate vs Brine Concentration 
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MAINTAINABILITY 
General Considerat ions 
I n  des ign ing  a system f o r  long  term s p a c e f l i g h t ,  equipment r e l i a b i l i t y  
becomes a f a c t o r  which i s  more impor tant  than t h e  normal o p t i m i z a t i o n  param- 
e t e r s  o f  we igh t  and power. Numerous s t u d i e s  have demonstrated t h a t  f o r  m i s s i o n  
d u r a t i o n  on t h e  order  o f  one year, h i g h  r e l i a b i l i t y  can o n l y  be achieved by 
p r o v i d i n g  maintenance c a p a b i l i t y  such t h a t ,  upon f a i l u r e  o f  a component, t h e  
system can be r e s t o r e d  t o  i t s  normal c o n f i g u r a t i o n  through r e p a i r  a c t i o n .  T h i s  
invo lves  p o s i t i v e  a c t i o n  on the  p a r t  o f  t h e  as t ronauts  and r e q u i r e s  t h a t  t h e  
system design be op t im ized i n  terms o f  t h e  maintenance tasks.  These tasks w i l l  
be performed i n  t h e  space environment by as t ronauts  who w i l l  be t r a i n e d  t o  per-  
form such maintenance act ion,  y e t  cannot be exper ts  on a l l  subsystems i n s t a l l e d  
on board a spacecra f t .  I n  terms o f  man-machine i n t e r f a c e s ,  the main ta inab le  
system must be designed t o :  
( a )  E l  im ina te  any contaminat ion hazard, e i t h e r  b a c t e r i a l  o r  chemical 
( 6 )  Require a r e a l  i s t i c  l e v e l  of  t r a i n i n g ,  i n c l u d i n g  f a u l t  de tec t ion ,  
b y  the  a s t r o n a u t  
( c )  Obviate t h e  n e c e s s i t y  f o r  immediate a c t i o n  upon t h e  occurrence o f  a 
f a i l u r e  
( d )  Require o n l y  s imple t o o l s  
( e )  Min imize  p o t e n t i a l  human e r r o r  ( t h e  p r o b a b i l i t y  of the  a s t r o n a u t  
s u c c e s s f u l l y  per fo rming  r e p a i r  must be considered i n  d e t e r m i n h g  
o v e r a l l  system re1 i a b i  1 i t y )  
I n  general,  m a i n t a i n a b i l i t y  does n o t  c o n s t i t u t e  an a l t e r n a t i v e  f o r  h i g h  
r e l i a b i l i t y .  On t h e  cont ra ry ,  system equipment must be designed f o r  long l i f e  
and h i g h  r e l i a b i l i t y  t o  m i n i m i z e , ( l )  t h e  t ime expended i n  r e p a i r i n g  the  system, 
( 2 )  the q u a n t i t y  o f  spares t o  be c a r r i e d  on board, and (3)  the  psycho log ica l  
s t r e s s  which w i l l  accompany each f a i l u r e .  A b e t t e r  c r i t e r i o n  f o r  t h e  evalua- 
t i o n  o f  a m a i n t a i n a b l e  system i s  i t s  a v a i l a b i l i t y .  For h i g h  a v a i l a b i l i t y ,  t h e  
number o f  f a i l u r e s  must be minimized through t h e  use o f  h i g h l y  r e l i a b l e  hard- 
ware. The I W R S  o p e r a t i n g  l i f e  i s  s p e c i f i e d  as one year (8770 hours).  Rotary  
equipment designed f o r  t h e  A p o l l o  and Gemini programs have been demonstrated 
on t e s t  t o  have a l i f e  adequate f o r  such a miss ion;  e.g., t h e  A p o l l o  g l y c o l  
pump (> 10,000 hours)  and the  Gemini c a b i n  fan  (7 20,000 hours) .  These da ta  
a r e  g iven here  t o  i l l u s t r a t e - t h a t  the  technology i s  a v a i l a b l e  f o r  t h e  des ign 
o f  long  l i f e  r o t a r y  equipment. T h i s  technology should be used i n  t h e  des ign  
of  any long d u r a t i o n  main ta inab le  subsystem, i n c l u d i n g  the  IWRS. 
Another aspect o f  m a i n t a i n a b i l i t y  which war ran ts  much a t t e n t i o n  i s  t h e  
a d d i t i o n  o f  equipment t o  t h e  system t o  make i t  main ta inab le .  T h i s  a d d i t i o n a l  
equipment inc ludes :  
( a )  I n s t r u m e n t a t i o n  t o  permi t  f a u l t  i s o l a t i o n  a t  t h e  rep laceable package 
1 eve 1 
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( b )  Equipment which w i l l  permi t  easy removal and replacement o f  the  
d e f e c t i v e  p a r t  
Equipment which w i  1 1  prevent  f a i l u r e  propagat ion ( c )  
I n  a non-maintainable system, i n s t r u m e n t a t i o n  i s  p rov ided f o r  the  purpose o f  
m o n i t o r i n g  performance, swi tch ing-on redundant u n i t s ,  o r  s e l e c t i n g  degraded 
o p e r a t i o n a l  mode i n  t h e  event of  ma l func t ion .  I n  general,  a m a l f u n c t i o n  on a 
system l i k e  t h e  A p o l l o  ECS can be de tec ted  by i t s  e f f e c t  on t h e  environment: 
h i g h  temperature, h i g h  humidi ty,  low f low, etc., so t h a t  even i n  t h e  event o f  
ins t rumenta t ion  breakdown, o v e r a l l  system r e l i a b i l i t y  i s  no t  impaired. I n  t h e  
case o f  a long term m a i n t a i n a b l e  system, f a i l u r e s  w i l l  occur and must be detec- 
ted  and diagnosed t i m e l y  so t h a t  r e p a i r  can be e f fec ted .  I n s t r u m e n t a t i o n  i s  
thus necessary f o r  system o p e r a t i o n  through the  miss ion.  On t h i s  basis,  t h e  
ins t rumenta t ion  becomes an i n t e g r a l  p a r t  o f  the  system and i t s  u n r e l i a b i l i t y  
must be considered as p a r t  of  t h e  t o t a l  system u n r e l i a b i l i t y .  An instrumenta- 
t i o n  f a i l u r e  corresponds t o  a system f a i l u r e  and must be corrected.  Th is  poses 
a problem, s i n c e  s p a c e f l i g h t s  t o  da te  have demonstrated c l e a r l y  t h a t  i n s t r u -  
menta t ion  probab ly  c o n s t i t u t e s  t h e  most u n r e l i a b l e  c l a s s  o f  equipment on board 
a spacecraf t .  Much i n s t r u m e n t a t i o n  i s  d e s i r a b l e  f o r  f a u l t  i s o l a t i o n ;  on t h e  
o t h e r  h a n d , - a d d i t i o n  o f  ins t rumenta t ion  adds t o  the  u n r e l i a b i l i t y  o f  t h e  over-  
a l l  system. I t  should be noted t h a t  the a d d i t i o n  o f  any k i n d  o f  equipment t o  
make t h e  system main ta inab le  degrades o v e r a l l  r e l i a b i l i t y .  Thus an optimum 
e x i s t s  which i s  d i f f i c u l t  t o  d e f i n e  i n  terms of weight  and volume. Much eng- 
i n e e r i n g  judgment must be exerc ised together  w i t h  human f a c t o r s  considerat ions,  
i n  t h e  d e f i n i t i o n  o f  t h e  maintenance l e v e l .  
Another f a c t o r  o f  importance i n  the  development o f  a m a i n t a i n a b l e  system 
i n v o l v e s  hardware packaging. New concepts a r e  requ i red  here which w i  1 1  r e s u l t  
i n  r a t h e r  l a r g e  volume p e n a l t i e s .  The packages must be designed t o  f a c i l i t a t e  
t h e  performance o f  maintenance tasks i n  a t. imely manner w i t h o u t  r e q u i r i n g  t h e  
use o f  complex t o o l s .  I n  general,  a l l  rep laceab le  i tems should e a s i l y  be 
access ib le  w i t h  a t t e n t i o n  p a i d  t o  t h e  components most l i k e l y  t o  f a i l .  
I W R S  M a i n t a i n a b i l i t y  Features 
I n  t h i s  phase o f  t h e  program, no s p e c i a l  emphasis was placed on the  main- 
tainability--reliability aspect o f  the  system. However, the  g u i d e l i n e s  b r i e f l y  
discussed above were g e n e r a l l y  fo l lowed i n  the  e v a l u a t i o n  o f  t h e  system schematic 
and package descr ibed i n  Sec t ion  2 o f  t h i s  r e p o r t .  Maintenance o f  t h e  IWRS 
presents  a p a r t i c u l a r  problem by comparison t o  o t h e r  spacecra f t  EC/LS subsystems. 
T h i s  r e s u l t s  f rom the  n a t u r e  o f  t h e  subsystem i t s e l f  and o f  t h e  f l u i d s  invo lved:  
( a )  The u r i n e  and t h e  b r i n e  pose b a c t e r i a l  and chemical contaminat ion 
problems. S p i l l a g e  o f  b r ine ,  i n  p a r t i c u l a r ,  would r e s u l t  i n  a 
most undes i rab le  odor problem i n  the  spacecra f t .  Thus t h e  b r i n e  
must be c a r e f u l l y  contained. 
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The reclaimed water  p o r t i o n  o f  t h e  loop i s  normal 
a b s o l u t e  s t e r i l i t y  cond i t ions .  Repair  a c t i o n  w i l  
s p e c i a l  procedures which migh t  inc lude s t e r i l i z a t  
e n t i r e  p o r t i o n  o f  the loop a f t e r  r e p a i r .  
y -  kept under 
on o f . t h i s  
requi  r e  very  
The h i g h  temperature r e a c t o r  normal ly  operates a t  80OoF. Cooldown 
w i l l  be necessary before r e p a i r  a c t i o n  i s  i n i t i a t e d .  
Water i s  a t  a premium on board t h e  spacecraf t .  Overboard loss o f  
t h i s  f l u i d  due t o  r e p a i r  a c t i o n  must be obv ia ted .  
The u r i n e  c o l l e c t i o n  f u n c t i o n  cannot be i n t e r r u p t e d .  
Shutdown o f  t h e  water  rec lamat ion  process r e s u l t s  i n  the  use o f  
emergency s to res .  I f  these s t o r e s  a r e  t o  be rep len ished a t  a l a t e r  
date, t h e  waste water  must be s to red  as such d u r i n g  shutdown, r e s u l t -  
i n g  i n  l a r g e  waste water  c o l l e c t i o n  tanks. 
The system incorpora tes  many p r o v i s i o n s  which were considered necessary 
t o  enhance i t s  m a i n t a i n a b i l i t y - r e l i a b i l i t y .  F i r s t ,  a l l  system components 
should be designed f o r  a 2-year l i f e .  As mentioned prev ious ly ,  t h i s  i s  w i t h i n  
t h e  s t a t e - o f - t h e - a r t  technology. Shelf l i f e  should be 5 years mininum. T h i s  
w i l l  assure h i g h  i n t r i n s i c  r e l i a b i l i t y .  
Second, t h e  arrangement o f  t h e  system prov ides  h i g h  r e l i a b i l i t y  through 
t h e  o p e r a t i o n  o f  two p a r a l l e l  water  rec lamat ion u n i t s :  one f o r  u r i n e  and one 
f o r  wash water .  The u r i n e  rec lamat ion  u n i t  i s  e s s e n t i a l ;  t h e  wash water  u n i t  
i s  not .  I n  t h e  event of  a f a i l u r e  i n  t h e  u r i n e  rec lamat ion  loop, which cannot 
be repa i red  i n  the  t ime normal ly  a l l o t e d  f o r  such maintenance act ion,  the  u r i n e  
c o l l e c t i o n  subsystem could be connected t o  the wash water  rec lamat ion  u n i t .  
Since the  rec lamat ion  loop can be operated a t  process ing r a t e s  as h i g h  as 1.75 
l b / h r  by s imple adjustment o f  condenser pressure, o p e r a t i o n  i n  t h i s  manner (on 
a s i n g l e  rec lamat ion  loop)  would permi t  u r i n e  process ing and wash water  process- 
i ng  a t  a reduced r a t e .  
Thi rd ,  t h e  s torage tanks w i l l  p e r m i t  a one-day downtime f o l l o w i n g  i n t e r r u p -  
t i o n  o f  t h e  rec lamat ion  f u n c t i o n .  The u r i n e  s torage tank  c a p a c i t y  i s  s u f f i c i e n t  
t o  s t o r e  a two-day p r o d u c t i o n  o f  u r i n e .  Normally, t h e  tank  i s  h a l f  f u l l  so t h a t  
f a i l u r e  o f  t h e  rec lamat ion u n i t  w i l l  no t  n e c e s s i t a t e  immediate u r i n a l  o u t f l o w  
swi tchover  t o  the  wash water  loop. Upon r e s t a r t i n g  t h e  u r i n e  rec lamat ion u n i t ,  
t h e  process ing r a t e  should be ad jus ted  t o  r e s t o r e  t h i s  c a p a b i l i t y .  Conversely, 
f a i l u r e  o f  t h e  u r i n e  c o l l e c t i o n  subsystem w i l l  n o t  n e c e s s i t a t e  shutdown o f  the  
rec lamat ion u n i t  s ince  a one-day charge i s  a v a i l a b l e  i n  the  waste tank. Note 
t h a t  t h i s  f e a t u r e  o b v i a t e s  t h e  n e c e s s i t y  f o r  subsystem shutdown and s t a r t u p  
because o f  a m a l f u n c t i o n  i n  another subsystem. I t  i s  recommended t h a t  a 
redundant u r i n e  c o l l e c t i o n  loop be provided, o r  t h a t  p r o v i s i o n s  be incorpora ted  
i n  t h e  system f o r  emergency backup o f  t h e  u r i n e  c o l l e c t i o n  f u n c t i o n .  T h i s  could 
be a s imple overboard dump u r i n a l  o f  t h e  type developed f o r  Apol lo .  
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F i n a l l y ,  many f e a t u r e s  were incorpora ted  i n  the  des ign o f  the  components 
and subsystem which w i l l  o b v i a t e  and f a c i l i t a t e  maintenance tasks.  Some o f  
these a r e  mentioned below: 
A l l  motor d r i v e n  r o t a t i n g  equipment i s  s t a t i c a l l y  sealed. Power i s  
t r a n s m i t t e d  through magnet ic coupl ings.  Thus motors can be replaced 
w i t h o u t  compromising t h e  i n t e g r i t y  o f  the  f l u i d  l i n e s .  Ammeters 
m o n i t o r  c u r r e n t  draw o f  each motor. Impending f a i l u r e  should be 
de tec ted  b e f o r e  i t  occurs.  
A1 1 temperature t ransducers a r e  mounted e x t e r n a l  l y  so t h a t  they can 
a l s o  be rep laced w i t h o u t  opening t h e  f l u i d  loops. 
A l l  check va lves  a r e  made redundant. The normal f a i l u r e  mode For 
these va lves  i s  i n  the  open mode. Very l i t t l e  weight p e n a l t y  i s  
i nvo 1 ved . 
A l l  tank  pressure r e g u l a t o r s  incorpora te  a r e l i e f  va lve.  A pressure 
sensor on the l i n e  w i l l  d e t e c t  r e g u l a t o r  o r  r e l i e f  va lve  f a i l u r e  
opened o r  closed. 
A l l  l i n e s  connected t o  vacuum incorpora tes  a s h u t o f f  v a l v e  as t h e  
l a s t  i tem on t h e  l i n e .  
The b r i n e  loop c o n t r o l l e r  incorpora tes  c i r c u i t r y  t o  prevent  f l o o d i n g  
o f  t h e  phase separator  by c l o s i n g  a so leno id  va lve  on t h e  u r i n e  feed 
1 ine.  
Redundant heater  and c o n t r o l  c i r c u i t s  a re  used on the c a t a l y t i c  
r e a c t o r .  
The h y d r o p h i l i c  porous p l a t e  o f  the  condenser i s  a rep laceable item. 
A t  t h i s  t ime maintenance a t  the component l e v e l  i n  the  b r i n e  loop was 
r u l e d  o u t  f o r  t h e  f o l l o w i n g  reasons: 
( a )  The b r i n e  loop comprise t h r e e  components: the  f l a s h  valve, the  
heater  tube, and the  phase separator .  F a i l u r e  o f  the f l a s h  v a l v e  
(an o r i f i c e )  and o f  the heater-condenser tube i s  very  u n l i k e l y .  
F a i l u r e  o f  the separator  bear ings i s  the  most l i k e l y  f a i l u r e  mode. 
These bear ings w i l l  be designed f o r  long l i f e  w i t h  ample s a f e t y  
fac to rs ,  so t h a t  f a i l u r e  i s  u n l i k e l y  t o  occur.  
Any r e p a i r  a c t i o n  w i t h i n  the  b r i n e  loop w i l l  n e c e s s i t a t e  f l u s h i n g  
t h e  loop t o  e l - im ina te  t h e  p o s s i b i l i t y  o f  b r i n e  s p i l l a g e .  System 
t e s t s  have demonstrated t h a t  odors f rom t h e  b r i n e  are  ext remely 
s t r o n g  and unpleasant;  a lso,  t h e  b r i n e  conta ins  l a r g e  q u a n t i t i e s  
o f  b a c t e r i a  p o t e n t i a l l y  pathogenic.  Adequate f l u s h i n g  o f  t h e  b r i n e  
loop w i l l  r e q u i r e  (I .)  unknown q u a n t i t i e s  o f  water w i t h  b a c t e r i c i d e  
and ( 2 )  d isposa l  o f  t h e  b r i n e  and f l u s h i n g  s o l u t i o n .  The p e n a l t i e s  
invo lved i n  f l u s h i n g  t h i s  loop might  exceed the  advantages r e a l i z e d  
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through t h e  c a p a b i l i t y  f o r  replacement o f  the  separator  and t h e  
heater-condenser as separator  u n i t s .  
analyses o f  b r i n e  loop maintenance, the  approach has been taken 
t h a t ,  should t h e r e  be a f a i l u r e  i n  t h a t  loop t h e  e n t i r e  loop w i l l  
be replaced. Six quick-d isconnects  a r e  p rov ided f o r  t h i s  purpose. 
Pending d e t a i l e d  t e s t s  and 
System parameters which a r e  moni tored a r e  d isp layed on a m o n i t o r - c o n t r o l  
panel .  The o n l y  manual system c o n t r o l s  a r e  t h e  switches f o r  a c t i v a t i o n  o f  
the  motors, c o n t r o l  l e r s ,  and recupera tor - - reac tor  heater .  The condenser 
pressure r e g u l a t o r  can a l s o  be s e t  manual ly  t o  c o n t r o l  water process ing rates.  
A l l  system s h u t o f f  va lves  ( w i t h  the  except ion  o f  t h e  tank  i s o l a t i o n  va lves)  
can be operated from t h e  c o n t r o l  panel. 
Manual o p e r a t i o n  o f  t h e  system c o n t r o l s  would r e q u i r e  the  cont inous 
a t t e n t i o n  o f  an a s t r o n a u t  very  f a m i l i a r  w i t h  the  complex i n t e r a c t i o n s  between 
t h e  var ious  system parameters. T h i s  c o u l d  be done, however, t h i s  approach i s  
n o t  recommended i n  v iew o f  ( I )  t h e  m a i n t a i n a b l e  aspect o f  t h e  system, ( 2 )  the 
ex is tence o f  two rec lamat ion  u n i t s  i n  t h e  IWRS, and ( 3 )  t h e  a l l o w a b l e  downtime 
prov ided by t h e  system tanks. I n  the  event o f  a ma l func t ion ,  the  system should 
be shut  down and r e p a i r  a c t i o n  should be scheduled and performed. The c a p a b i l i t y  
f o r  do ing  t h i s  i s  an e s s e n t i a l  requirement i n  t h e  des ign o f  a ma in ta inab le  u n i t .  
Whi le maintenance i n  t h e  b r i n e  loop c o n s t i t u t e s  a hazard t o  t h e  ast ronauts,  
maintenance o f  any p o r t i o n  o f  t h e  system downstream o f  the  c a t a l y t i c  o x i d i z e r  
c o n s t i t u t e s  a hazard t o  the  system because o f  t h e  p o s s i b i l i t y  o f  b a c t e r i a l  
contaminat ion.  Such a c t i o n s  w i l l  have t o  be f o l l o w e d  by s t e r i l i z a t i o n  o f  t h e  
p o r t i o n  o f  t h e  system which has been contaminated. A t  t h i s  time, procedures 
f o r  s t e r i l i z a t i o n  p r i o r  t o  s t a r t u p  o r  f o l l o w i n g  maintenance have n o t  been 
d e f i n i t i z e d .  Steam s t e r i l i z a t i o n ,  a l though very  e f f e c t i v e ,  i s  no t  a t t r a c t i v e  
f o r  space a p p l i c a t i o n  p r i m a r i l y  because o f  the  h i g h  power requirement, heat  
loads, and probable h u m i d i t y  loads. S t e r i l i z a t i o n  w i t h  hydrogen perox ide o f f e r s  
many advantages which should be s t u d i e d  i n  d e t a i l .  
F o l l o w i n g  maintenance a c t i o n  which invo lves  opening t h e  loop, t h e  pressure 
i n t e g r i t y  o f  the  loop w i l l  have t o  be checked. T h i s  can be done b y  p r e s s u r i z i n g  
t h e  system w i t h  n i t r o g e n  and m o n i t o r i n g  pressure decay. 
One o f  t h e  g u i d e l i n e s  used i n  the  conceptual  des ign o f  the  IWRS was t h a t  
the  system be a "hands o f f "  u n i t  w i t h  minimum scheduled and unscheduled mainten- 
ance and minimal system-crew i n t e r f a c e s .  The system descr ibed i n  Sec t ion  2 o f  
t h i s  r e p o r t  conforms t o  t h i s  e a r l y  requirement.  The water rec lamat ion u n i t  
i t s e l f  invo lves  o n l y  one scheduled maintenance a c t i o n :  
tank  a t  t h e  90-day resupply  p e r i o d  ( t h i s  could be obv ia ted  by t h e  use o f  a 
l a r g e r  tank) .  Other scheduled maintenance tasks i n v o l v e  t h e  u r i n e  c o l l e c t i o n  
subsystem replacement o f  t h e  b a c t e r i c i d e  tank  and o f  t h e  charcoal  f i l t e r  a t  
90-day i n t e r v a l s .  Also, b a c t e r i o l o g i c a l  t e s t s  o f  t h e  product  water  w i l l  have 
t o  be performed d a i l y .  Whether t h i s  i s  an e s s e n t i a l  requirement w i l l  have t o  
be demonstrated by ex tens ive  development t e s t s  on f l i g h t  p r o t o t y p e  hardware 
i n c o r p o r a t i n g  a l l  the  b a c t e r i a . c o n t r o 1  f e a t u r e s  o f  the  system descr ibed i n  
Sec t ion  2. 
replacement o f  t h e  b r i n e  
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RELIABILITY 
E a r l y  i n  t h e  development o f  the  schematic, descr ibed i n  Sec t ion  2, 
p r e l i m i n a r y  r e l i a b i l i t y  analyses were conducted. These a n a l y s i s  cons is ted  o f  
system-level  f a i  l u r e  modes and e f f e c t s  analyses (FMEA) and subsystem-level 
l o g i c  diagrams. The FMEA's were concerned o n l y  w i t h  t h e  water rec lamat ion  
and p u r i t y  m o n i t o r i n g  p o r t i o n  o f  t h e  system; however, l o g i c  diagrams were 
prepared f o r  a l l  t h r e e  f u n c t i o n a l  subsystems as d e f i n e d  i n  Sec t ion  2. 
As a r e s u l t  o f  t h e  FMEA's, a number o f  changes were incorpora ted  i n  t h e  
des ign o f  the  system. These changes inc luded t h e  need f o r  d i s p l a y s  and t h e  
i n c o r p o r a t i o n  o f  alarms. Other FMEA conclus ions were no t  implemented because 
o f  i n s u f f i c i e n t  da ta  t o  reso lve  a p a r t i c u l a r  problem. For example, b r i n e  
car ryover  i n t o  the  vapor loop due t o  separator  f a i l u r e  was i d e n t i f i e d  as a 
major f a i l u r e  mode because o f  t h e  ex tens ive  maintenance tasks invo lved i n  
f l u s h i n g  t h e  b r i n e  f rom t h e  e n t i r e  system. Such a separator  f a i l u r e  could 
propagate t o  a l l  components o f  t h e  vapor loop and might  no t  be r e p a i r a b l e .  
As a r e s u l t ,  a t e n t a t i v e  s o l u t i o n  was s e l e c t e d  t o  prevent  vapor loop f o u l i n g  
because o f  separa tor  f a i l u r e .  Al though no suppor t ing  t e s t  da ta  a r e  a v a i l a b l e ,  
the  assumption was made t h a t  inpu ts  f rom t h e  d e n s i t y  and l e v e l  sensors cou ld  
be used t o  r a p i d l y  d e t e c t  such a f a i l u r e .  T h i s  s i g n a l  could be used t o  
immediately s h u t o f f  a so leno id  v a l v e  i n  t h e  vapor loop, thus i s o l a t i n g  the  
loop from t h e  b r i n e  c i r c u i t .  
Another f a i l u r e  i d e n t i f i e d  as d i f f i c u l t  t o  i s o l a t e  i n v o  
accumulator. I n  t h i s  case, a AP t ransducer  was incorporated 
t o  mon i to r  t h e  s u c t i o n  pressure of the  accumulator. 
ves t h e  c y c l i c  
i n  the  system 
I n  general,  t h e  FMEA's i l l u s t r a t e d  t h a t  f a i l u r e  i d e n t i f  c a t i o n  migh t  be 
a very  ser ious  problem which would r e q u i r e  ex tens ive  knowledge o f  t h e  opera- 
t i o n  o f  the  system on the  p a r t  o f  t h e  as t ronauts .  I t  i s  s t r o n g l y  recommended 
t h a t  f a i l u r e  d i a g n o s t i c  diagrams be prepared i n  t h e  nex t  phase o f  t h e  program. 
As mentioned above, t h e  FMEAf s were performed e a r l y  i n  t h e  program and 
were used as a t o o l  i n  t h e  development o f  t h e  system schematic. The r e s u l t s  
o f  these analyses were t r a n s m i t t e d  t o  NASA a t  the  t ime. No at tempts were 
made t o  upgrade these analyses as t h e  program proceeded and t h e  schematic 
evolved i n t o  i t s  f i n a l  c o n f i g u r a t i o n .  For t h i s  reason t h e  FMEA's a r e  no t  
incorpora ted  as p a r t  o f  t h i s  r e p o r t .  
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